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TAPHYLOCOCCAL infections have assumed particular importance in recent years 
S primarily as a result, of the resistance of certain strains of the organism to 
antibioties.‘* One of the striking features of this problem has been the increase 
in the incidence of staphylococcal pneumonia in infaney and childhood.*** 
Formerly, staphylococcal pneumonia in the early years of life was an infrequent 
disease characterized by high mortality. A marked change has oceurred in both 
the incidence and prognosis in the past several years. The purpose of the 
present communication is to report a study of staphylococcie pneumonia in 
pediatric patients at the Johns Hopkins Hospital over a period of 4 years. 
Particular emphasis is placed on the surgical management of complications 
which oceurred with progression of the disease. 


DESCRIPTION OF PATIENTS 


General.—The material on which this study is based consists of all patients 
under the age of 12 upon whom a diagnosis of staphylococcic pneumonia was 
made during the period January, 1955, through December, 1958. During this 
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time, 67 cases were observed. The age of the patients ranged from 10 days to 
12 vears (Table I). It is apparent that the disease was most common in the 
first year of life (75 per cent) with a high proportion of the cases occurring 
within the first 3 months. 


TABLE I. AGE INCIDENCE OF STAPHYLOCOCCAL PNEUMONIA 
AGE PRIMARY | SECONDARY 
0- 3 mo. 25 3 
4-12 mo. 21 
1- 6 yr. 14 
6-12 yr. 0 
Totals 60 














Predisposing Factors.—In the group of 67 patients in the present study, 
there were 60 who had staphylococcie pneumonia as the only major illness and 
the pneumonia was considered to be a primary diseases. In 7 patients, the pneu- 
monia accompanied another severe systemic illness and the pneumonia was 
considered to be a secondary disease. The underlying diseases in this latter 
group were cystic fibrosis of the pancreas, pyelonephritis, agammaglobulinemia, 
congenital pylorie stenosis, adrenal insufficiency, and congenital biliary atresia. 
Sixteen of the patients had other foci of staphylococcie infections which in- 
cluded pyoderma, renal abscess, osteomyelitis, and brain abscess. Only 2 in the 
entire group had a history of prematurity. 

Manifestations —The history in the majority of patients consisted of the 
sudden onset of a respiratory infection with rapid progression of symptoms. 
This was particularly characteristic of the younger children, many of whom 
were gravely ill when first seen at the hospital. In a significant number of 
patients, svmptoms appeared following a previous simple upper respiratory 
infection. The manifestations noted in the entire group in order of frequeney 
were tachypnea (61), fever (48), dyspnea (48), cough (33), abdominal disten- 
tion (13), and eyanosis (12). On physical examination, dullness on the affected 
side of the chest and diminished breath sounds were found in approximately 
three fourths of the group and rales were present in approximately half the 
patients. Fever was present in the majority of cases and ranged between 37.5° 
and 40.3° C. In 11 patients, however, the initial temperature was less than 
37° C. 

Bacteriology—From the majority of the patients, bacteriologie cultures 
were obtained from several sources including the nasopharynx, throat, blood, 
and material obtained on pleural aspiration. In 65 of the 67 patients, a 
staphyloeoeeus (Micrococcus pyogenes) was obtained from one or more sources. 
The organism was found in 36 of 38 patients in whom pleural aspiration was 
performed. In those patients without empyema, a diagnosis was made on the 
basis of a combination of positive cultures from other sources in association with 
a pneumonia characterized by the formation of pneumatoeeles. The culture data 
are presented in Table IT. Antibiotic sensitivities by the dise method showed 
that the organisms were sensitive to novobiocin (95 per cent), chloramphenicol 
(92 per cent), and erythromycin (85 per cent). Few strains were susceptible 
to penicillin (17 per cent) or streptomycin (15 per cent). 
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TABLE II. STAPHYLOcCOCCcIC PNEUMONIA 








BACTERIOLOGY 





CASES | PER CENT 
CULTURED | POSITIVE POSITIVE 





Nasopharynx 49 44 90 
Throat 43 34 79 
Pleural fiuid 38 36 95 
Blood 38 7 19 





Fig. 1—A, Chest film which shows early staphylococcal pneumonia with development of 
multiple pneumatoceles in the left lung. 


B, A tension pneumothorax developed 
pleural cavity. Several large 


following rupture of a pneumatocele into the 
shifted to the right. 


pneumatoceles remain. The mediastinum and trachea are 
C, Chest film made after introduction of an intercostal catheter and re-expansion of lung 
ith relief of respiratory insufficiency. 

In 13 of the more recent patients, the staphylococci have been studied for 
ieir bacteriophage type. The results showed that eight of the thirteen were 
pe 52/42B/81, two were 44A, and three were untypable. 

Radiography—A pulmonary infiltrate was present in all eases. 
as unilateral in 58 of the 67 patients (87 per-tent). 
served in 48 patients (72 per cent). 


Disease 
Pleural fluid was 
An example of this is shown in Fig. 3, A 
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Empyema characteristically began as a thin layer of fluid present at the 
periphery of the film. Another feature of the radiologic picture was the early 
development of small pneumatoceles in or near the area of pneumonie infiltra- 
tion. An example of this is shown in Fig. 1, A. Pneumatoceles were observed 
in 56 of the 67 patients (84 per cent). With the progression of the disease, the 


Fig. 2.—A, Chest film which demonstrates massive pneumatocele with fluid level. The 
patient showed marked evidence of infection and drainage appeared mandatory. The pneumato- 
cele extended to the parietal pleura. 


B, The cavity was drained by the introduction of an intercostal catheter with marked 
symptomatic relief. 


C, Chest film made 11 weeks later showing persistence of pneumatocele. The patient was 
asymptomatic. 
Mae Complete disappearance of pneumatocele 15 weeks after onset of staphylococcal pneu- 


monia. 

pheumatoceles frequently increased in size and, in 15 patients (23 per cent), 
ruptured into the pleural cavity. The resulting pneumothorax with shift in the 
mediastinum produced respiratory distress (Fig. 1, B). In a small number of 
patients, a pneumatocele became filled with purulent material and behaved as a 
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lung abscess. An example of this complication is shown in Fig. 2, A. In this 
instance the cavity had a peripheral border near the parietal pleura and it was 
possible to drain the purulent material through a catheter introduced by the 
use of an intercostal trocar (Fig. 2, B). 


Refractory empyema with collapse of the lung and development of fibrotic 
pleurisy was rare, being observed in only 1 patient. In this case, thoracotomy 
with pulmonary decortication was followed by complete recovery (Fig. 3). A 
survey of the radiologic findings in the entire group is presented in Table III. 


Fig. 3.—A, Chest film which shows acute staphylococcal pneumonia of right lung with 
empyema. An intercostal catheter was employed for drainage of the empyema. 

B, Injection with contrast medium 4 months later following failure of lung to expand. 
A large empyema cavity is shown. A large portion of the right lung is collapsed. 


C, Chest film made after right thoracotomy and pulmonary decortication. The right lung 
has completely re-expanded. 


TABLE III. RADIOLOGIC FINDINGS IN 67 CASES OF STAPHYLOCOCCAL PNEUMONIA 








| NUMBER | PER CENT 


Empyema 48 
Pneumatoceles 56 
Pneumothorax 15 
Unilateral disease 58 
Bilateral disease 9 
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Antimicrobial Drugs——The treatment of staphylococcal pneumonia is 
primarily medical and antibiotics should be administered in large amounts. 
The usual initial therapy in the present study consisted of chloramphenicol 
and novobiocin. The majority of the patients also received penicillin as the 
bactericidal antibiotic of choice. Despite the low percentage of susceptible 
organisms as shown by the dise sensitivity method, large doses of this drug are 
often effective.7 In the group of 67 patients studied, chloramphenicol was 
administered in 56 (84 per cent), penicillin in 49 (73 per cent), erythromycin 
in 28 (42 per cent), novobiocin in 28 (42 per cent), and streptomycin in 4 (6 
per cent). The actual amount varied considerably for each of the drugs depend- 
ing on the weight of the child and the severity of the illness. The usual daily 
dosage was penicillin 2 to 10 million units, chloramphenicol 100 mg./Kg., 
erythromycin 50 mg./Kg., and novobiocin 50 mg./Kg. 

Supportive Therapy.—The use of a high humidity-high oxygen atmosphere 
and judicious infusion of intravenous fluids with correction of electrolyte im- 
balanee are helpful in the management of staphylococcic pneumonia. The 
administration of gamma globulin in large doses (0.2 Gm. per kilogram of 
body weight) to infants under 1 year of age may be indicated because of the 
presence of physiologic hypogammaglobulinemia. 

Surgical Aspects——Needle aspiration of the chest was performed in 48 (73 
per cent) of the 67 patients. This procedure frequently leads to an immediate 
bacteriologie diagnosis. In addition, the removal of purulent material from 
the pleural cavity was of definite therapeutic benefit in many instances and may 
prevent the development of more serious complications. In 28 patients (43 per 
cent), an intercostal catheter was inserted under local anesthesia either for 
drainage of a large empyema or for the relief of a tension pneumothorax or a 
combination of both (Table IV). An example of the use of closed catheter 


TABLE IV. STAPHYLOCOCCAL PNEUMONIA 








Thoracentesis 48 (73%) 
Intereostal catheter 28 (48%) 
Open chest drainage 1 
Pulmonary decortication i 





drainage in a patient with a large empyema collection in a massive pneumatocele 
is shown in Fig. 2. Similar drainage for a tension pneumothorax following the 
rupture of a subpleural pneumatocele is shown in Fig. 1. The use of an inter- 
costal catheter was sufficient to drain the empyema in all instances except one. 
Open drainage by rib resection and pulmonary decortication for fibrothorax 
with compression of the right lung was necessary, as illustrated in the following 


ease. 

Case history: A 1-month-old white female was admitted to the Johns Hopkins Hospital 
on Feb. 1, 1956, with a history of sudden onset of severe pharyngitis the previous day. She 
had been treated by her pediatrician with an injection of penicillin, On the day of ad- 
mission the infant was found quite dyspneic and cyanotic in bed. On examination, the tem- 
perature was 37.8° C. and marked dyspnea and cyanosis were present. The right chest was 
dull to pereussion and no breath sounds were heard. The left chest was hyperresonant but 
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otherwise normal. A film showed an accumulation of fluid and air in the right chest with 
a shift of the mediastinum to the left (Fig. 3, 4). A thoracentesis was performed with 
removal of the air and purulent material. A smear of the pleural aspirate showed gram- 
positive cocci which later proved on culture to be hemolytic Staphylococcus aureus. An 
intercostal catheter was introduced under local anesthesia with further removal of air and 
obvious improvement in respiratory function. Penicillin and erythromycin were begun and 
the child’s condition rapidly improved. Within several days it became necessary to introduce 
additional catheters in an effort to drain more adequately the empyema. This was not success- 
ful and it was eventually necessary to institute open drainage by rib resection. An excellent 
clinical response followed and the patient was discharged from the hospital. On June 14, 
1956, she was re-admitted due to persistent drainage from the empyema cavity. Instillation 
of radiopaque medium showed a large chronic empyema cavity (Fig. 3, B). A _ right 
thoracotomy was performed and a thick, fibrotic pleura was found covering the entire lung. 
A pulmonary decortication was performed with complete expansion of each of the three lobes. 
Following operation the child did well and became completely asymptomatic. A final chest 
film is shown in Fig. 3, C and is essentially normal. 


RESULTS 


The eases studied in the present series were divided into primary and 
secondary groups. There were 60 patients in the primary group and of these 5 
died (8 per cent) (Table V). Of the 7 patients in the secondary group, all 
succumbed. 

An analysis of the 5 deaths in the primary group reveals that in each in- 
stanee the child was in the younger group, being 1 vear or less of age, and 4 of 
the 5 were under the age of 3 months (Table V). Four of the 5 infants died 
within 72 hours after admission. Three had bilateral pneumonia (Table VI). 


TABLE V. MORTALITY IN PRIMARY STAPHYLOCOCCAL PNEUMONIA BY AGE GROUPS 








AGE RANGE CASES PER CENT MORTALITY 
0- 3 mo. 25 17 

4-12 mo. 21 5 

1- 6 yr. 14 0 

Over 6 0 0 

Totals 60 8 








TABLE VI. MORTALITY IN PRIMARY STAPHYLOCOCCAL PNEUMONIA 








EXTENT OF | PLEURAL |INTERCOSTAL| DAY OF | 


caine AGE | PNEUMONIA CULTURE | CATHETER | DEATH* | AUTOPSY 
D.J. 13da. Empyema with pneu- + + 1 Pneumonia, abscess, 
matoceles, left and empyema of 
left lung 





Bilateral empyema 2 None 
and left pneumo- 
thorax 


2mo. Bilateral pneumonia None 
and right empyema 


5Swk. Bilateral empyema + : Multiple, bilateral 
(autopsy ) pulmonary abscesses 
and bilateral 
empyema 


A. 2%, mo. Right empyema and + Pneumonia, empyema, 
pneumatoceles and abscess, right 
lung 





*Days after admission. 
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In the secondary group, the primary diseases included eystic fibrosis of the 
pancreas, nephritis, agammaglobulinemia, adrenal insufficiency, congenital 
hypertrophic pyloric stenosis, and biliary atresia. In 2 patients, the pneumonic 
process involved both lungs and in 5 others it was unilateral (Table VII). 


TABLE VII. 


MORTALITY IN SECONDARY STAPHYLOCOCCAL PNEUMONIA 








CASE AGE 


PRIMARY DISEASE 


EXTENT OF 
PNEUMONIA 


PLEURAL 
CULTURE 





INTER- 
COSTAL 
CATHETER 





AUTOPSY 





L.J. 1mo 


4 mo 


. Cystic fibrosis of 
pancreas 


. Hypoprothrombi- 
nemia; pyelo- 
nephritis (GU 
anomaly ) 


yr. Agammaglobuli- 


2 mo. 


v. 21 mo. 


nemia, bilateral 
mastoiditis, and 


brain abscess 


Congenital hyper- 
trophic pyloric 
stenosis 


. Cystic fibrosis of 
pancreas 


. Adrenal 


insufficiency 


atresia 


Left pneumonia, 
pneumatoceles, 
and empyema 


Bilateral 
pneumonia 


Right pneumonia, 
empyema and 
pneumatoceles 


Right pneumonia 
and pneumo- 
thorax 


Right empyema 
and pneumonia 


Right pneumonia 
and abscess 


Congenital biliary Bilateral 


pneumonia 


+ 


Not done 


Not done 


0 


Cystie fibrosis of 
pancreas; multiple 
abscesses of left 
upper lobe and left 
empyema 


Pneumothorax and 
multiple lung ab- 
scesses; congenital 
anomaly of renal 
pelvis 


Multiple brain ab- 
scesses and hemor- 
rhage in parietal 
lobe; right empy- 
ema and bilateral 
pneumonia 


Congenital hyper- 
trophic pyloric 
stenosis; bilateral 
pneumonia and em- 
pyema; multiple 
lung abscesses 


Cystic fibrosis of 
pancreas; right 
empyema and 
pneumonia 


Bilateral, massive 
adrenal hemor- 
rhage (history of 
adrenal insufficiency 
since birth); right 
pneumonia and 
abscess 


None (congenital 
biliary atresia at 
exploratory lapa- 
rotomy and con- 
firmed by liver 
biopsy ) 





DISCUSSION 


The problem of staphylococcie infection has assumed renewed importance 


in recent years. 


The details of the development of resistance to antibiotics by 


this group of organisms and their role in nosocomial infection are so familiar 


as to require no repetition here. 


Several excellent reviews are available.*-§ 


Pneumonia in childhood due to the staphylococcus has been long regarded 


as a serious disease which is frequently attended by a number of serious com- 
plications. In the pre-antibiotic era, the mortality, particularly during infaney, 
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was quite high. In 1936, MacGregor'® reported 10 proved cases in which all 
the patients died. The sulfonamides initially offered some protection but with 
the introduction of penicillin significant improvement in the results occurred. 
Kanof and associates,’® in 1953, reported a group of children with staphylococcic 
pneumonia treated with sulfonamides alone and found the mortality to be 50 
per cent; when sulfonamide was combined with penicillin the mortality fell to 
25 per cent. More recent studies have reported a mortality between 0 and 31 
per cent.® 11) 21 

The primary therapy in staphylococcic pneumonia consists of the adminis- 
tration of antibiotics. In the past, penicillin was the agent of choice but, with 
the increasing incidence of “penicillin-resistant organisms,” the other antibiotics, 
including chloramphenicol and erythromycin, have been frequently employed 
either singly or in combination. In the present series, the organisms were 
chiefly sensitive to chloramphenicol, erythromycin, and novobiecin, and these 
antibiotics were. used in most instances. In addition, penicillin was adminis- 
tered to many of the patients in recognition of the fact that the staphylococeus 
may often be sensitive to high concentrations of this bactericidal agent. In 
many instances, the dise method shows resistance to penicillin whereas higher 
concentrations in serial dilutions will demonstrate sensitivity.17 Penicillin in 
high dosage was administered in association with other antibiotics in 73 per cent 
of the patients in this series. 

The role of surgery in staphylococcic pneumonia is confined to the manage- 
ment of complications which occur with the progression of the disease. The 
basic pathologic process in this type of pneumonia is intense necrosis with 
abscess formation which can involve a lobe or an entire lung. Pleural empyema 
tends to appear early. The abscesses often enlarge and obstruct or involve 
directly the bronchioles and smaller bronchi. Tension blebs (pneumatoceles) 
are thus created in a high percentage of cases. Pneumatoceles are particularly 
likely to form in children and those just beneath the pleura often perforate and 
produce a tension pneumothorax. Pyopneumothorax is almost diagnostic of 
staphylocoecie infection in pediatric patients. 

Aspiration of the purulent material from the pleural cavity is of diagnostic 
aid, relieves the toxic manifestations of undrained staphylococciec pus, and 
permits expansion of the lungs. The necessity for drainage of the pleural cavity 
is determined by the thickness and amount of purulent material as well as the 
toxicity of the patient. Continuous pleural drainage is not indicated, however, 
in all eases of empyema. In the present study, empyema was present in 48 
patients (72 per cent), and intercostal drainage was performed in 28 (43 per 
cent) and, of these, 15 (23 per cent) had associated pneumothorax. Early and 
adequate drainage of pus will prevent the development of the more troublesome 
fibrothorax and the necessity for pulmonary decortication. In virtually all eases, 
adequate drainage can be accomplished by the introduction of an intercostal 
catheter through a trocar. The consistent effectiveness of closed drainage 
in staphylococeal empyema in infants differs considerably from the situation en- 
countered in adults, in whom open drainage with rib resection is most often 
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necessary. Closed intercostal drainage may be lifesaving when performed as 
an emergency procedure for the relief of tension pneumothorax. This complica- 
tion occurred in 23 per cent of the patients studied in the present series and 
occurred on repeated occasions in several patients. Tension may also occur in a 
pneumatocele and require catheter drainage, as emphasized by Watkins and 
Hering.*?. The introduction of a catheter into the chest through a trocar is 
simple and easily performed. Complications from the procedure are rare when 
it is performed carefully. This method may be highly recommended in the 
management of the complications of staphylococcal pneumonia and has been 
endorsed in recent publications as the procedure of choice by Bloomer and asso- 
ciates,’° Hertzler, Miller, and Tuttle,?° and Watkins."* 

Another complication which may oceur in patients in whom an empyema 
becomes chronic is fibrotic pleurisy (fibrothorax) producing partial pulmonary 
collapse (“captive lung”). When this oceurs, open thoracotomy with complete 
pulmonary decortication should be employed without hesitation. This pro- 
cedure will rarely be necessary if the empyema is adequately drained and the 
lung re-expanded early in the course of the disease by proper selection of initial 
therapy. 

The results obtained in staphylococeal pneumonia in infaney and child- 
hood in this and other recent series are encouraging. An analysis of the 12 
deaths which occurred in the 67 eases reported here indicates that fulminating 
infections or other complicating disease, rather than recognizable surgical com- 
plications, were important in the outeome. Much progress has been made in 
the early recognition and surgical management of the pulmonary tension and 
suppurative complications of a staphylococcal pneumonia, and death as a result 
of such problems should be rare. The hope at present is for further advance in 
the medical management of those patients with rapidly progressive disease 
characterized by severe toxic manifestations in the first few months of life. 


SUMMARY 


A definite increase in the incidence of staphylococcal pneumonia in the 
pediatric age group has occurred during the past several years. A group of 67 
patients was studied, and the incidence and management of surgical complica- 
tions have been evaluated. Continuous drainage by the closed technique was 
employed in the more severe cases of empyema with good results. The develop- 
ment of tension pneumothorax demands immediate catheter drainage for decom- 
pression and re-expansion of the lung. Proper selection of therapy early in the 
course of the disease prevents the development of more severe complications 
such as chronic empyema and fibrothorax. The prognosis in primary staphylo- 
coecal pneumonia is good and the mortality is largely confined to the group, 
under the age of 3 months, with overwhelming infection. In those instances 
in which the disease is secondary to another severe systemic illness, the prognosis 


is quite poor. 
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DISCUSSION 

DR. RICHARD H. MEADE, Grand Rapids, Mich.—I think that was a very excellent 
presentation of a very important subject. The only reason I arise is to supplement what 
has been said. 

I heard the speaker refer to an article in 1936. He did not refer to the article 
written by Neuhof in 1930, I believe it was, in which he discussed this subject, especially 
among infants and young children. I didn’t look up the figures before I came here, so 


I may be wrong, but my impression is that in that early day, before sulfonamides and anti- 


biotics, his mortality rate was about the same as that reported today. 

I think it is important for those men in the audience who have grown up in the 
antibiotic era to realize that one could do surgery in the days before the antibioties, and 
that the treatment of empyema is today essentially the same as it was then. It is estab- 

- 


lishing adequate drainage at the proper time. 
[ think this is a very interesting paper, as I said before. 
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DR. JOHN M. SNYDER, Bethlehem, Pa.—I would like to compliment Dr. Sabiston 
and his group on their very respectable mortality rate. My personal experience has been 
limited to about a third of this number of patients, all of whom had surgical complications. 
Unfortunately, the mortality was about triple that reported. 

About 1 in 4 had bilateral disease and the results were rather uniformly fatal. Of 
the ones with unilateral disease who died one of them did show at postmortem an interesting 
complication of a mediastinal abscess. I would like to present at this time a rather 
interesting case of a patient in whom there was a delay of approximately a month in the 
appearance of a major complication. 

(Slide) Incidentally, our deaths were all in patients under the age of 6 months. 
This slide shows a six-month-old female infant with early disease in the right side which 
2 days later showed a typical pneumothorax. A catheter was placed in the chest (slide) and 
2 days later the film showed satisfactory expansion of the lung (slide), and 1 week later, 
after removal of the catheter, the child was doing fairly well on intravenous Spontin and 
chloromycetin. F 

(Slide) 'There was nothing of much note except to see some early pneumatoceles forming 
to the right of the heart, and 1 week later, prior to discharge, they were a little bit larger, 
but the child was having no particular difficulty, seémed to be clinically well, and was 
returned home under the care of the pediatrician. 

(Slide) Two weeks later the child suddenly had severe dyspnea and was brought 
into the hospital, and now this slide shows tension pneumatoceles with deviation of the 
mediastinum, pushing the heart over to the left with an anterior mediastinal herniation. 

(Slide) Catheters were placed into the right chest, but unfortunately we did not 
seem to have them in the proper place initially. One was in a pneumatocele; one was in 
the pleural space. 

(Slide) An additional catheter was placed into the larger pneumatocele (it doesn’t 
show too well on this slide) but there was beginning now to be a return of the medias- 
tinum to the normal position. 

(Slide) Increasing the suction on the catheters, 1 week later we had a rather re- 
spectable looking chest. 

(Slide) Two weeks later I was out of town and a friend who was looking after 
the patient was loathe to remove the catheter. At this point, the catheter had been clamped 
for a week. There was no obvious recurrence of the pneumatocele; the catheter was 
removed, and the child remained well and has been well since. 


There was fully a month’s delay before the development of the tension pneumatocele, 
and I think it illustrates the need for vigilance over a considerable period of time in 
these cases. 


DR. GABRIEL P. SELEY, New York, N. Y.—As has already been mentioned, this 
disease was extensively described by Dr. Neuhof in the early 1930’s. I had the privilege 
of working with him at that time and continued to work with him for many years. 

I would like to mention briefly one complication that has not been stressed today, 
and that is a chronic staphylococcie empyema. At the termination of the treatment for the 
acute empyema, whether it be by catheter drainage, rib resection, or even decortication, 
these patients will often develop a chronic empyema. This is manifest after approximately 
3 months by a residual shadow in the pleural cavity, commonly termed thickened pleura. 
I know if Dr. Neuhof were here he would make this much more dramatic than I am doing 
it, because one word he never could stand was ‘‘thickened’’ pleura, Thickened pleura to 
him always meant a chronic empyema if it lasted for more than 3 months after the treat 
ment of a ‘‘staph’’ empyema. 

Now, if there are some shadows in the lower chest, that is, distortion of the diaphragm 
or some adhesions, that was acceptable, but if there was anything which really represented 
a thickened pleura, this actually means a chronic pleuritis or empyema. 
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We have had cases now with free intervals as long as 5 years, several cases up to 10 
years and, within the last 2 months, a patient entered the hospital who had a chronic 
empyema who had had no symptoms for 34 years. At operation this turned out to be a chronic 
staphylococcic empyema. The treatment of chronic empyema is drainage with or without 
decortication as indicated. 


DR. THOMAS C. MOORE, Indianapolis, Ind.—I wish to compliment Dr. Sabiston 
on a very interesting and valuable study. I should like to confine my comments to one 
phase of the complications of staphylococcal pneumonia in infancy and childhood, that 
relating to the formation of post-pneumonic pulmonary abscess formation. 


Last fall I reported an experience with four lobectomies carried out for post- 
pneumonic lung abscess in infants and children. In all of these cases the abscess was due to 
hemolytic Staphylococcus awreus. This made us somewhat curious as to the occurrence of 
a number of cases of lung abscess due to this organism, and we reviewed, Dr. Battersby 
and I, the experience at the Indiana University Medical Center with pulmonary abscess 
during a period of 25 years. This review is just nearing completion. 


We found a total of 49 cases of pulmonary abscess in infancy and childhood. How- 
ever, the majority of these cases occurred as diffuse and often miliary abscess. formations. 
Only 18 were isolated pulmonary abscesses. Fourteen of these cases of pulmonary abscess 
occurred prior to 1948 and only 4 since that time. 

We also were interested in the number of cases which were post-pneumonic. Most 
reports suggest that post-pneumonic abscess in infants and children is rather rare and, 
when abscess formation does occur, that it usually occurs as a postoperative complication. 
We found that, of our 18 cases of isolated pulmonary abscess, 12 were post-pneumonic, 
2 were due to foreign bodies, 2 to aspiration, and 2 others to feeding problems and to 
mental deficiency. : 

The bacteriology in the post-pneumonie abscesses was of considerable interest to us. 
We had bacteriologic studies available in 11 of the 12 cases of post-pneumonic abscess. 
Six of these were due to Staphylococcus aureus. One was due to Staphylococcus albus, 
and 4 to streptococcus. 

The majority were managed by nonoperative measures since they occurred largely in 
the pre-antibiotic era. Eleven cases were so managed. Seven of these occurred in the 
pre-antibiotic era and all 7 died. Four were managed medically with antibiotics and 2 
of these died for a mortality of 50 per cent. Surgery was carried out in 7 cases, rib re- 
section with drainage in 1, and pulmonary resection in 6. All 7 of these patients survived 
We felt that these results of operative as compared with nonoperative means were of 
some interest. 

The deaths in the non-operatively managed cases were largely due to brain abscess 
and purulent meningitis. These complications occurred in 5 of the 9 deaths. 

Although few of the cases of staphylococcal pneumonia, in which pulmonary abscess 
oeeurs, may come to operative intervention of a resectional nature, we feel that. resection 
should be carried out if the abscess does not respond to appropriate, vigorous antibiotic 
therapy, or if it does respond and a largely destroyed lung remains as a sterile cystic mass. 


DR. ROBERT J. JENSIK, Chicago, Ill—I would like to ask the authors if all 
of their experiences with residual pneumatoceles responded as beautifully as the one that 
was demonstrated. 

I bring up this point because in the past year we have seen 4 infants, all under 
« year of age, in which the air space, instead of disappearing, enlarged to the point where 
practically no visible lung parenchyma was seen, and with some reluctance we did place 
catheters in these pneumatoceles. 

We realized that a possible pleural space problem was apt to develop, in addition to 
the drainage of this pneumatocele, but in all cases we were able to see a reduction in size of 
the pneumatocele with eventual complete resolution at a rather fast rate. 
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DR. DAVID WATKINS, Denver, Colo.—I wish to congratulate Dr. Sabiston and_ his 
associates for a most enlightening and valuable contribution to our understanding of this 
disease. 

This disease may be primarily bronchogenic and develop by intracanalicular spread, 
or it may be hematogenous. 

(Slide) Gradations are seen here between zones of necrotizing pneumonitis and 
acute microabscess formation. These microabscesses become confluent and form larger 
consolidated abscess cavities. Pleural surfaces are involved in all cases. 

(Slide) This abdominal x-ray was taken of a 3-month-old infant 4 days before 
death from overwhelming staphylococcal pneumonitis. The marked ileus illustrated here 
is, in our experience, characteristic of a severe downhill course. It may mimic an acute 
intra-abdominal catastrophe. 

(Slide) This 71%4-year-old boy was struck in the nose by a football and developed 
a nasal septal abscess, orbital cellulitis, and meningitis due to the staphylococcus. On 
the fourth hospital day he developed a left tension pneumothorax and later that evening 
a right pneumothorax. At ten o’clock that night he developed cardiac arrest, which was 
treated with good recovery. 

Eighteen days later he developed another tension pneumothorax. Following bouts of 
multiple pneumatoceles, this boy recovered completely. Because of the fulminating nature 
of these infections, the extensive destruction of pulmonary tissue, and a high mortality 
rate, especially in children less than 1 year of age, immediate antibacterial therapy is 
mandatory. While in the vast majority of cases a bacteriologic diagnosis and antibiotic 
sensitivities are easily arrived at by conventional methods, in those cases which present 
difficulty, lung puncture may be a valuable diagnostic aid. 


DR. SABISTON (Closing).—In answer to Dr. Jensik’s question, we have had only 
1 patient who had a persistent pneumatocele which was troublesome. A catheter was placed 
into the pneumatocele and suction was applied for 48 hours with complete disappearance. 


In closing, I would like to express my appreciation to Drs. Meade, Snyder, Seley, 
Moore, Jensik, and Watkins for their interesting contributions to the discussion. 





SURGICAL TREATMENT OF PULMONARY 
COCCIDIOIDOMYCOSIS 


A Ten-Year Study 


Bert H. Cotton, M.D., Pasadena, Calif., and J]. W. 
Birsner, M.D. (by invitation ), Bakersfield, Calif. 


HIS PAPER contains further observations on pulmonary coccidioidomycosis 

to supplement a preliminary report of 30 cases of surgical treatment 
presented before The American Association for Thoracic Surgery in 1950. 
The total number of cases in which there was surgical treatment has now 
grown to 144 (Table I). 


TABLE I. 144 SurGicaAL CASES 











: Cavities 
(a) Pneumonectomy 
(b) Lobectomy 
(c) Partial lobectomy 

2. Coccidioma 

Altogether 1,500 cases of proved pulmonary coccidioidomycosis have been 
analyzed, the patients coming from the southern part of the San Joaquin 
valley, where the disease is endemic, and from neighboring Los Angeles 
County. All cases were confirmed by complement fixation tests and/or micro- 
scopie demonstration of spherules in sputum cultures, animal inoculations, 
and studies of surgical or autopsy material. 

Arthrospores carried by dust seem to be responsible for the greatest 
number of infections in animal hosts. Evidence is now available* that the 
host may be sensitized by a small dose of arthrospores, as demonstrated by 
i positive skin test, and subsequently reinfected by exposure to a larger dose 
of arthrospores. The original infection is more likely to be followed by dis- 
semination; reinfection, on the other hand, frequently leads to pulmonary 
vranulomatous lesions with cavitation. Massive doses of spherules or endo- 
spores will also result in infection of the host as demonstrated by accidental 
ereutaneous injection of pus from the lesion of another subject, and by the 
ibservation that the disease oceasionally spreads during the acute phase from 


Read at the Thirty-ninth Annual Meeting of The American Association for Thoracic Sur- 
ery at Los Angeles, Calif., April 21-23, 1959. 
*Butt, Edward M., and Biddle, Marjorie: Paper in preperation. 
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one lobe to another. These newer findings supersede the statements made 
in our earlier paper to the effect that arthrospores (chlamydospores) represent 
the only infective stage of the fungus, and that reinfection is unlikely. 


TRACHEOBRONCHIAL MANIFESTATIONS 


Since the arthrospores enter by the pulmonary portal, we proposed the 
hypothesis that, in the absence of radiologic findings, many attacks of acute 
tracheitis and bronchitis must be presumed to be tracheobronchial manifes- 
tations of coecidioidomyeosis. By 1953, 100 patients had been bronchoscoped 
during the active phase of the pulmonary disease, and it was found that in 
the beginning coccidioidomycosis is primarily tracheobronchial in distribution. 
These findings were interesting from a diagnostic standpoint as well as in 
their correlation with the clinical course and changes in the roentgenogram. 
Endobronchial lesions present generalized redness and hyperemia of the mu- 
cous membrane, the degree of reaction corresponding to the severity of the 
bronchitis. In cases in which the roentgenogram demonstrated parenchymal 
involvement, we were able to observe, in the draining bronchus and adjacent 
areas, progression to submucosal infiltration, in some cases with pin-point 
superficial ulceration. Granulation, however, was rarely encountered. Re- 
tained thick tenacious mucus filled the bronchus and covered the ulcers. The 
mucus was white to brown and had a shiny or enamel-like appearance. Oc- 
easionally, mucopurulent secretion was seen to flow from a draining bronchus 
in an area of parenchymal involvement. All these patients gave a history of 
previous chronic bronchitis or other pulmonary disease. Upon reviewing the 
cases complicated by cavities, it was concluded that prior pulmonary infection 
is a predisposing factor in the development of a cavity or granuloma. Micro- 
scopic studies of material recovered from the smaller bronchi and bronchioles 
revealed masses of fungus growing in the lumen. The vegetation was most 
abundant and widespread during the early stage of the disease. Surgical 
treatment at this time would be disastrous since it might lead to dissemination 
before the host has developed immunity, and bronchopleural fistula with com- 
plicating empyema would almost certainly follow if lung tissue and bronchi 
are transected under these conditions. Bronchoscopie observations, further- 
more, demonstrated that healing of the lesions was paralleled by disappear- 
ance of abnormal shadows in the roentgenogram. 


CAVITY FORMATION (Table IT) 


TABLE II. Types oF CAVITIES 








I. Phantom ‘‘ cavities’’ 


II. True cavities 

1. Primary cavities—thin walled 
(a) infected 
(b) giant 
(ce) eystie epithelized 

2. Secondary cavities—thick walled 
(a) caseous necrotic 
(b) fibrocaseous 
(ce) eystie epithelized 
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Phantom ‘‘Cavities.’’—In our first paper on the subject, we discussed 
phantom ‘‘cavities’’ (Fig. 1) which are present during the acute phase of the 
disease, together with pulmonary infiltration, but which vanish as parenchy- 
mal involvement abates. It seems unlikely that such necrotic areas which are 
sometimes quite large and present the appearance of honeycombing and eavi- 
tation can disappear so rapidly without leaving a trace. In studying slides 
of the acute phase of the disease, we find that the fungus grows first in the 
bronchus, distending that structure by actual pressure or by means of a ‘‘check 
valve’’ mechanism. Then the mass is discharged via the bronchus, leaving a 


A. B. 


Fig. 1—Large phantom cavity may be visualized in the right lower lobe associated with 
acute coccidioidomycosis. X-ray studies 16 days later reveal the cavity to have disappeared 
and it did not recur. 


distended bronchus behind. Thus, an explanation is offered for the so-called 
phantom ¢cavities, and we propose, therefore, to eliminate this category from 
the list of true cavities. 

There are two types of true permanent cavities: primary, or early; and 
secondary, or late. 


Primary Cavities (Fig. 2).—Cavities of this type represent a different 
time phase and result in a distinct pathologie picture as compared with the 
secondary cavities. They develop during the middle or late part of the 
infiltrative phase and are due to growth of fungi in the bronchi and bron- 
chioles, distending these structures to the point at which they rupture and 
give rise to widespread necrosis. The debris is discharged via the bronchus 
and, in this way, a patent draining bronchus is eStablished. Secondary bac- 
terial invaders are then likely to penetrate through this open gate to find a 
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prepared bed in the necrotic tissues of the cavity. Under these circumstances, 
there develops what we have originally described as secondarily infected 
cavities. Since in most of these cases there exists a history of pre-existing 
infection, we feel that such a condition might predispose to more extensive 
tissue necrosis. 

The further development may take one of two different courses. In the 
first, there usually remain secondarily infected cavities which may progress 
to become giant cavities. This was a frequent finding in the low-income 
group of field workers who did not report for follow-up treatment. Giant 
and infected cavities were discussed and listed in our earlier paper as re- 
quiring surgical removal since they are analogous to a pulmonary abscess. 
Pathologically these cases show collapsible cavities with patent draining 
bronchi. No ‘‘check valve’’ mechanism develops and they areytherefore not 
likely to rupture. Eventually, dense adhesions are observeé between the 
layers of the pleura. After long-standing necrosis or suppuration, lung tissue, 
like any other, shows few organisms of coccidioidomycosis. In \these cavities, 
fungus growth may be encountered up to 6 months after infection but, at the 
end of 12 months, fungi are difficult to find-and can sometimes not be demon- 
strated at all in the walls of the cavity. 

In our report on the earlier series, we stated that 6 months after the 
original infection a cavity would be very unlikely to close spontaneously, and 
that, following a waiting period of at least 6 months, surgery might be ad- 
vised. However, even after such a delay we still encountered minimal to 
moderate numbers of new generations of coccidioidules in the lung tissue 
adjacent to the cavity wall. The lack of a clearly demarcated cavity wall in 
these early cases caused us to resort to wide pulmonary resection as the safer 
procedure. On the basis of more recent pathologie findings, we now advise 
a waiting period of 12 months. Even though the secondary infection may 
still be rampant, the risk of dissemination is reduced because fungus growth 
is either minimal or has entirely ceased. 

Primary cavities proceeding to reinfection by secondary organisms and 
to the stage of a giant cavity present the roentgenologic appearance of a 
thin-walled excavation which might be mistaken for an emphysematous bulla. 
A fluid level can rarely be demonstrated. Clinically important is the fact that 
cavities of this type are very likely to bleed. One of our patients died from 
hemoptysis due to a giant cavity. 

The second course which the development of a primary cavity may take 
is encountered in subjects in the higher income groups, and patients who had 
received adequate treatment. Cases of this type are managed by repeated 
administration of specific drugs, to keep the cavity reasonably free from 
infection by secondary bacteria. The pocket will gradually be epithelized by 
bronchial mucosa and there develops a sac-like structure analogous to a con- 
genital bronchial cyst. All that remains of the fungi are occasional spherules 
without endospores which are difficult to demonstrate. 

The chest film shows a very thin-walled cyst which is difficult to visualize 
except with Lipiodol. One is often deceived into thinking that such a cavity 
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Fig. 2.—A, Primary cavity is seen in the right upper lobe associated with the acute phase 
of the disease. 
B, X-ray studies 6 months later reveal the infiltration almost gone, but the cavity is 
arger. 

C, X-ray studies 4 years later show a giant cavity of the right upper lobe. 

D, Photograph of pathologic specimen reveals a comparatively thin-walled cavity. No 
necrotic membrane is seen. 
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has disappeared because the patient is asymptomatic and cavities cannot be 
demonstrated radiologically. However, there may be clinical and radiologic 
evidence with even a slight intercurrent infection. 


Primary cavities of this type are best treated by surgical removal and, 
since there are few organisms of Coccidioides immitis present, the danger of a 
postoperative complication is minimal or absent. Personally, we have never 
encountered complications in such cases. It may be possible to show that the 
incidence of postoperative complications varies with the types of coccidioidal 
cavities and with the extent of surgical excision. This could well account 
for discrepancies in the literature with respect to complications and recur- 
rences., 

Surgical intervention in the presence of such cavities will depend on 
whether one prefers to treat cysts operatively or expectantly. In our experi- 
ence, surgical removal of all cavities is indicated; otherwise, distressing com- 
plications and symptoms are bound to occur. Even with the best medical 
management, one is only postponing the inevitable development of trouble 
weeks, months, or years later. 


Secondary Cavities——This second type of cavity develops by a different 
sequence of events. Following primary infection, the infiltration gradually 
focalizes but leaves a smoldering necrotic granuloma which subsequently 
may show cavitation (Fig. 3) or become a true coccidioidoma. The coce- 
cidioidal granuloma is a lesion rich in organisms, containing many gross and 
microscopic abscesses. The latter are due to the growth of the organisms and 
cavitation by necrosis. After cavitation, many gross and microscopic ab- 
seesses will be encountered in the lung tissue adjacent to the cavity. At 
first, a heavy necrotic layer lines the cavity which later becomes fibronecrotic. 
Such cavities, with a relatively thick wall and surrounded by only minimal 
parenchymal disease show characteristic shadows in the roentgenogram (Fig. 
4, B). Secondary cavities will not collapse, even with manual pressure. 
Despite their benign appearance, which makes one think that they might be 
easily shelled out, such cavities are surrounded by secondary granulomatous 
coccidioidules of both gross and microscopic size which develop in the lung 
tissue adjacent to the cavity. The fungus growth is heavy and one may see 
organisms characteristic of the parasitic phase as well as the mycelial form 
growing side by side. Thus, the only successful management is cautious, wide 
resection. Late cavities are most likely to distend rapidly due to a ‘‘check 
valve’’ mechanism in which the heavy necrotic lining acts as a flap, and 
frequently a resulting fluid level can be demonstrated. In our series, we 
encountered 8 cases of ruptured cavities. The patients were treated by pul- 
monary resection and decortication in the presence of active coccidioidal 
empyema, and complete re-expansion of the lung followed. In all instances, 
the wound healed by first intention. We feel that success in these cases was 
due to resistance of the host, and elimination of most of the fungi by removal 
of the cavity together with the pleura, followed by immediate re-expansion of 
the lung. 4 
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Coccidioidoma.—The true coccidioidoma is a contracted solid fibrocaseous 
nodule in which spherules are rare or absent. Even repeated tissue cultures 
may not reveal any growth, and frequently the pathologic report is for 


B. 


Fig. 4.—Two stages of secondary cavity formation. A, Beginning necrosis with cavity forma- 
tion. B, Roentgenographic appearance of fully formed cavity. 


granuloma, etiology undetermined. Radiographically such a solid tumor 
would appear as a coin lesion and, since 30 to 50 per cent of all coin lesions 
are malignant, this finding would become an absolute indication for surgical 
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removal. However, if the patient gives a history of having lived in a geo- 
graphic area where the disease is endemic and if, in addition, the skin test 
is positive for coccidioidomycosis, the likelihood of malignant disease is no 
more than 2 per cent. Removal of such coin lesions is indicated only if they 
are 2 em. or larger, or if serial films reveal that the lesion is enlarging. 


Pseudo-coccidioidoma (Fig. 5).—This designation should be reserved for 
cavities which become blocked and fill with fluid. 


Fig. 5.—A pseudo-coccidioidoma is seen filled with purulent material. This cavity alternates 
as a solid appearing lesion and a cavity. 


COEXISTENT DISEASE 


Twenty-four cases of pulmonary coccidioidomycosis with coexistent tu- 
berculosis have been observed. In this group, 9 adults were treated surgically 
and all have done well. The.remaining 7 adults, as well as 8 infants and 
children, were treated medically. We have found that coccidioidal cavities 
secondarily infected by Mycobacterium tuberculosis are seldom amenable to 
collapse therapy. The treatment of choice is pulmonary resection. 

Once a residual chronic cavity is well established, an infiltrative process 
is not to be regarded as an exacerbation of coccidioidomycosis, and a new 
etiologic agent must be sought. In our series, tuberculosis was the most com- 
mon offender. 7 
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Meningitis or pleural effusion appearing in a patient with a known coc- 
cidioidal cavity should be assumed to be tuberculous in origin. 

Bronchogenic carcinoma is frequently difficult to diagnose in a geographic 
area with a high incidence of coccidioidomas, secondarily infected cavities, 
and unilateral hilar enlargement. Coexistent coccidioidomycosis and primary 
carcinoma of the lung were encountered six times in this series and 4 patients 
were operated upon. Carcinoma must be taken into consideration in the event 
that a nodular growth appears in the region of a previously resolving or 
stable lesion of pulmonary coccidioidomycosis, or when hilar adenopathy 
persists. In the lymphoma group, coccidioidomyecosis develops frequently, 
but we have operated upon none of these patients, and most of them die of 
dissemination. 


SURGICAL CONSIDERATIONS 


In our earlier paper we presented the conclusion that operation is indi- 
cated without regard to the pathologic condition, or as to whether the disease 
is in a dormant or an active phase. Development of a postoperative secondary 
pulmonary cavity has caused us to revise our conclusions. We now believe 
that the surgical approach must be modified depending on whether fungi 
are present or absent. Since they are most abundant during the early stage 
of the disease, operative treatment should be avoided at this time due to 
potential complications, and especially since drug coverage is not available. 
Originally we thought that it would be safe to institute surgical treatment 6 
months after infection, but we found that there was still heavy infiltration 
of the lesion with fungus. A waiting period of 12 months seems to be indi- 
eated. Since pulmonary coccidioidomycosis is primarily an endobronchial 
disease, associated bronchiectasis should always be suspected. 

Primary thin-walled cavities result in less complications because of lighter 
infiltration by the fungus. In infected, giant, epithelized cavities, fungal 
involvement is minimal or absent. Lobectomy is indicated in the former 
group, and wedge resection in the latter. 

The secondary thicker-walled cavities are more treacherous. Fungal 
infiltration is heavy, and we have discontinued segmental resection because 
of the greater likelihood of contamination. Lobectomy or wedge resection 
is indicated which must be wide, since the zone of involvement is always 
larger than the immediate area of the actual cavity. The roentgenographic 
appearance is deceiving, and one must avoid carrying the incision through 
satellite coccidioidules as this would predispose to a bronchopleural fistula. 
If there is any doubt as to the extent of the area to be excised, it is preferable 
to sacrifice a greater amount of lung tissue to avoid the risk of complications. 

If a small ramification of a cavity (Fig. 6), a dilated bronchus, or satellite 
coccidioidules or coccidioidoma (Fig. 7) are left in place, a recurrent cavity 
may form. It will contain enough Coccidioides immitis to continue the para- 
sitie growth cycle with probable cavitation. 
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RECURRENT CAVITIES 


Recurrent cavities developed in 4 cases, 2 of which were reported in a 
previous paper. At that time, it was thought in one instance that the recurrent 
cavity and tuberculosis were coexistent but, after repeated reviews of the 
slides, it was concluded that the lesions were coccidioidules rather than 
tubercles. Recurrent cavities were detected 6 months, 2, 6, and 7 years post- 
operatively, all of them in the area of.the previously resected cavity. Wedge 
resection had been performed in 3 patients. In the fourth case, no fissure 
line existed between the left upper lobe and the superior division of the lower 
lobe, and the recurrent cavity was situated in the apex of the lower lobe 
adjacent to the old cavity. On the basis of these findings, we now believe 
that a wedge resection may miss (1) a ramification of the cavity, (2) a dilated 
bronchus filled with fungus, and (3) one of the secondary coccidioidules. 
Moreover, a small isolated coccidioidal granuloma may develop a cavity in 
which the fungus continues to grow. Overexpansion of the lung or lowered 
resistance of the host may play some part in this development. Postoperative 
bronchopleural fistula or coccidioidal empyema were never encountered. All 
cavities with subsequent recurrence were of coccidioidal granuloma, or second- 
ary, thick-walled type, and heavy fungus infiltration was present in all four 
original cavities. It is interesting to note that in one recurrent cavity my- 
celial forms were discovered, and that another was serologically positive after 
7 years. 


INDICATIONS FOR SURGICAL TREATMENT 


The types of cavities of pulmonary coccidioidomyecosis requiring surgical 
extirpation are explained by their equivalents (Table III). 


TABLE III. SureicaAL INDICATIONS 








TYPE OF CAVITY | EQUIVALENT 

Phantom ‘‘cavity’’ Reversible lesion 

Primary 
Infected Lung abscess 
Giant Destroyed lobe or lung 
Cystic epithelized Congenital cyst 

Secondary 
Caseous necrotic Tuberculous cavity 
Fibrocaseous ‘‘Healed’’ tuberculous cavity 
Cystic epithelized Epithelized tuberculous cavity 








We believe that surgical removal of all primary and secondary cavities is 
indicated. Otherwise, many distressing complications and symptoms may 
develop. There is only one exception: a series of 124 children has been 
reviewed; in only 6 of these did the disease progress to cavitation. All the 
cavities closed before the end of 8 weeks except 1 which persisted into the 
chronie phase. On the basis of these findings, we feel justified in reeommend- 
ing prolonged observation of coecidioidal cavities in children. 

As to the immediate operative course, all patients did well except 1 
who died due to coronary occlusion. 
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TEN-YEAR FOLLOW-UP OF SURGICALLY TREATED CASES 


Of the total of 144 surgically treated patients with pulmonary coccidioi- 
domycosis, 58 could be followed over a sufficiently long period of time to 
render the findings significant. Recurrences or complications were observed 
in only four instances, and the remaining patients were free of disease. Symp- 
toms were reported by 36 patients; in 29 of the cases they were slight and 7 
patients described them as moderate. Symptoms consisted of light asthma, 
cough, shortness of breath on exertion, some white or yellow sputum and, in 
1 case, there was heavy green and, in another, blood-tinged sputum. Twenty- 
two patients were completely asymptomatic. Forty-six patients evaluated 
their own physical status as ‘‘good’’; 1 reported a ‘‘very good”’ status; 10 
considered their health as “fair”; and one as “poor.” All of these patients 
were able to return to their former full-time work. 


SUMMARY 


1. This study is based on 1,500 cases of pulmonary coccidioidomycosis, 
confirmed by specific diagnostic methods. 

2. Coccidioidomycosis is initially an endobronchial disease; the clinical, 
bronchoscopic, and radiologic findings during this stage are described. 

3. Phantom ‘‘cavities,’’ which are not true cavities, may be encountered 
during the acute phase. 

4, The true cavities are of two types: primary, or early, (thin-walled) ; 
and secondary, or late, (thick-walled). 


DISCUSSION 


DR. J. D. STEELE, San Fernando, Calif—Dr. Cotton should be congratulated for 
his pioneer work in the surgery of coccidioidomycosis. 

I was particularly interested in what he had to say about satellite lesions. We 
have been impressed with the necessity of wide excision of coccidioidal lesions, especially 
of cavitary lesions. We have found satellite lesions on careful pathologic examination 
of resected specimens in the vast majority of our cases. To be sure, satellite lesions are 
closer to granulomas than they are to cavities, and they may be widely distributed 
throughout the lobe in cavitary cases. 

This slide shows an advancing case of coccidioidomycosis. Satellite lesions are seen 
scattered around the periphery of this lung tissue. This is an upper lobe and a superior 
segment resected for enlarging cavities. We did do a segmental resection in this case in 
preference to pneumonectomy. Possibly it would have been wiser to do a pneumonectomy 
because there are satellite lesions scattered through this superior segment. 

This slide is a photomicrograph of another case in which there was a large cavity 
in the central portion of the upper lobe, and here is a satellite lesion far out toward the 
periphery of the lobe, so that we are fully convinced that in cavitary cases, except to 
avoid doing a pneumonectomy, a lobectomy is far preferable to a small resection. 


DR. COTTON (Closing).—I wish to thank Dr. Steele for his comments. 

I feel continued laboratory, clinical observation, and pharmacology research work 
are important to solve the many facets of this problem. Drs. Edward Butt and Marjorie 
Biddle are to be complimented on their splendid research work on coccidioidomycosis, 
with monkeys as the experimental subjects. A specific drug for this disease would be 
of great help. 


THE EFFECT OF MEAN ENDOTRACHEAL PRESSURE ON THE 
CARDIAC OUTPUT OF PATIENTS UNDERGOING 
INTRATHORACIC. OPERATIONS 


Thomas F. Nealon, Jr., M.D., Richard T. Cathcart, M.D. (by invitation), 
William Fraimow, M.D. (by invitation), Edward D. McLaughlin, M.D. 
(by invitation), and John H. Gibbon, ]r., M.D., Philadelphia, Pa. 


NESTHETIZED patients will frequently accumulate carbon dioxide in their 
blood and tissues if reliance is placed solely upon spontaneous respiration 
without help on the part of the anesthesiologist.” ** * 17 To prevent the ac- 
cumulation of carbon dioxide and to ensure adequate oxygenation, the ventila- 
tion of such patients must be increased. The method of increasing ventilation 
most commonly used has been intermittent manual compression of the re- 
breathing bag, coincident with the inspiratory efforts of the patient. Mechanical 
devices have been developed either to assist the respiratory efforts of the pa- 
tient or to take over completely the pulmonary ventilation.* Whatever kind of 
ventilation is provided the patient, care must be taken to avoid depression of 
the cardiae output by employing high mean endotracheal pressures.* 1% 14 1¢ 
Earlier work from this laboratory* demonstrated an inverse relationship 
between mean endotracheal pressure and cardiae output of anesthetized patients 
undergoing abdominal operations. The following study was undertaken to 
measure the effect of changes in endotracheal pressure on the ecardiae output of 
patients undergoing intrathoracic operations. 


METHOD 


An endotracheal tube was inserted after anesthesia was induced. The pa- 
tient was then turned to a lateral position. Apnea was preduced by the intra- 
venous injection of succinyleholine or by hyperventilation, following which pul- 
monary ventilation was provided by an intermittent positive and negative 
pressure ventilator.* A ventilatory rate of 16 per minute was used with ap- 
proximately equal durations of inflation and deflation. 


From The Jefferson Medical College and Hospital, Philadelphia, Pa. 

This work was supported in part by grants from the U. S. Public Health Service (H3349) 
and Anthracite Miners Health and Welfare Fund. 

Read at the Thirty-ninth Annual Meeting of The American Association for Thoracic Sur- 
gery at Los Angeles, Calif., April 21-23, 1959. 

*The Jefferson Ventilator, manufactured by Air- Shields, Inc., Hatboro, Pa. 
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The endotracheal pressure was continuously measured by a transducer 
attached to a tap at the end of the endotracheal tube. The pressure was visual- 
ized on an oscilloscope and photographically recorded. The pressure recording 
apparatus was recalibrated before each measurement of cardiac output. The 
mean endotracheal pressure was determined planimetrically from the pressure 
tracings in 7 patients. In the other 3 patients, the averages of the peak positive 
and negative pressures were taken to represent the mean endotracheal pressure. 
Because a negative pressure phase in the respiratory cycle has been reported to 
have no effect on cardiac output when the thorax is open," ® ?° the mean positive 
pressure during a respiratory cycle with the thorax open was estimated and 
taken to be one half of the inflation pressure. 

A small polyethylene catheter was inserted percutaneously into the ante- 
cubital vein of the dependent arm and threaded up to the subclavian vein. The 
catheter was attached via a 19-gauge needle to a three-way stopcock and 5 per 
cent glucose in water was dripped slowly into the system to keep the catheter 
patent. A Cournand arterial needle was also inserted percutaneously into the 
brachial artery of the same arm. When not in use, the occluding stylet was left 
in place. 

Cardiac output was measured as follows. Arterial blood was allowed to 
flow from the brachial artery via polyethylene tubing through a cuvette densi- 
tometer® and then into a collecting chamber under a constant negative pressure 
of 22 em. of water. A solenoid valve inside this chamber permitted selective 
sampling of the blood without interrupting the flow. The dye curve was visual- 
ized on the oscilloscope and photographically recorded. A smooth base line was 
established at a constant rate of flow between 20 and 40 ml. per minute. With 
the camera in operation, a measured amount (approximately 5 mg.) of the blue 
dye, T-1824, was injected into the venous catheter followed immediately by a 
flush of 10 ml. of 5 per cent glucose in water. As the dye curve rose on the 
oscilloscope, the solenoid was activated to collect blood in a test tube within the 
collecting chamber. The period of collection of this blood was marked on the 
photographie record. The sample of arterial blood was centrifuged and the con- 
centration of dye in the serum measured on a spectrophotometer. The cardiac 
output was then caleulated from the measured concentration of dye in the 
serum and the planimetrically measured area below the inscribed curve during 
the period of sampling arterial blood. 

Before the chest was opened, cardiac outputs were measured after main- 
taining the inflation and deflation pressures unchanged for at least 10 minutes. 
The pleura was then opened and the lung freed if pleural adhesions were pres- 
ent. Cardiac outputs were again measured after the inflation and deflation 
pressures had been maintained unchanged for 10 minutes. A change in cardiac 
output of 15 per cent or more from the preceding determination was regarded 
as significant.® 


RESULTS 





Ten patients were studied (Table I). The effect of changes in the mean 
endotracheal pressure on cardiac output was measured before the chest was 
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opened in 8 eases. In 5 “of these, changes in the mean endotracheal pressure 
varying between 5 and 14 em. H,O were accompanied by inverse changes in the 
cardiac output as previously reported. In Case 2, the cardiac output rose 17 per 
cent when the mean endotracheal pressure was increased from +3 to +14 em. of 
water. In the other case (No. 5), the cardiac output steadily decreased before 
the thorax was opened, regardless of changes in endotracheal pressure. In Case 
7, there was only a 10 per cent decrease in output. 

The effect upon cardiac output of opening the thorax without changing 
the inflation and deflation pressures was observed in 7 cases (Nos. 3, 4, 6, 7, 8, 9, 
10). The cardiac output rose in 5 eases, the rise varying between +15 
and +45 per cent. There was a tendency for the increase in output to be greater 
when the mean endotracheal pressure was high. In the other 2 cases (Nos. 4 
and 9), there was no significant change in output on opening the thorax. 

In the first 2 eases (Nos. 1 and 2), the endotracheal pressure was high just 
before opening the thorax, and was low when the first cardiae output determina- 
tion was made after opening the thorax. In Case 1, with a change from a mean 
endotracheal pressure of +16 to +1, or to-mean positive pressure of +9 em. H,0, 
the output rose 80 per cent. In Case 2, with a change from a mean endotracheal 
pressure of +14 to +1, or to mean positive pressure of +10, there was no signifi- 
cant change in cardiac output. In Case 5, despite a rise in the inflation pressure 
of 5 em. H,O, there was a significant increase in cardiac output on opening the 
thorax. 

The mean positive pressure was changed, and the cardiac output deter- 
mined, while the chest was open, 12 times in 9 patients. The change of 0.5 em. 
in mean positive pressure between the last two determinations in Case 7 was 
not considered significant. In 5 patients (Nos. 1, 2, 7, 9, 10), no significant 
effect on cardiac output was observed with changes in mean positive pressure 
of 6.5, 4, 3.5, 2.5, 2.5, 3.5, and 2.5 em. H,O, respectively. The changes in the 
mean endotracheal pressure were respectively 15, 9, 9, 6, 4, 9, 10, and 8 em. H.O. 
In 4 patients (Nos. 3, 5, 6, 8), the same inverse relationship between cardiac 
output and mean pressure existed as in the closed chest. The changes in mean 
positive pressure which resulted in significant changes in cardiac output in these 
4 patients were 3, 2.5, 5, 5, and 5 em. H,O, respectively. The changes in mean 
endotracheal pressure in the same patients were, respectively, 8, 7, 13, 10, and 
10 em. H,0. 


DISCUSSION 


In 6 of 8 patients, before the thorax was opened the same inverse relation- 
ship between cardiac output and mean endotracheal pressure was observed as 
had been reported previously in the course of abdominal operations. Thus, it 
would appear that this relationship between endotracheal pressure and cardiac 
output with a closed thorax is unaffected by the change from the supine to the 
lateral position. 

Opening the thorax resulted in a significant increase in cardiae output in 
5 of 7 patients. In 4 of the 5 (Cases 3, 6, 7, 8), the mean endotracheal pressure 















































Ze 
eos 
oF 
=:2 0€- 9S 9T+ 0 ogt+ OL _ Ort 08 
‘ 5 I+ Le :* cI- 03+ OL og 0s - zW FS'L 
is 62- oe 3+ oI- GI+ 08 SSL #8 Auojooes0y} A10;810,dxq 
#3- oF 9I+ 0 og+ 001 OFT 8L Sunl 3YSI1 Go BuouTo1eD 
6S 0 O.t- Ott 09 SLT tL eTe C9 ¢ 
zW 98'L 
AuloyOoUOUINIU 
0 UP £4 + 0 06+ GL Ott 36 Suny Ie, JO VUOUIDIBO 
l'F L+ 0 03+ #6 88 qen ‘co =F 
0zg- 9°¢ Ti+ 0 CGt+ OF 08 88 ZW 6L'T 
LE+ OL AB or- 03+ og FOL FOL A£ul0yooq oT 
CPt cc oi+ 0 9S+ o¢ 06 66 sseosqe 
= 6I- se a+ 0 96+ eg 36 FOL eqol e[pprm pue soddn 4ysiy 
< LY I + SI- LI+ 0g 6 OIL VN ‘IS & 
B 
x ‘O'S'N €"9 Nhe 9I- 13+ OL O31 98 “NW 661 
7, ‘O'S'N 9°9 OI+ g - Sat OL 03 08 reas 
S ‘O'S'N 09 i 2 ot= Ost OL Oet +8 ysoyo JO UOISIOxe pue AuIOJeqQo'T 
a I+ 9°¢ FL+ L - T+ OL OIL 6 9qO] JOMOT 4F0T pus 
= ‘O'S'N 8'F €+ ¥I- 61+ 08 OZ 36 [[BA\ ysoyo FZo] JO VWMOoTESOIgIT 
A lg 3+ €I- 0st OL OIL 36 TVW ‘19 =f 
‘O'S'N 8°¢ 9I+ 0 0€+ 06 O9T 
8Lt g"g L+ 6I- LI+ oot Ost “W 9'Z 
93- le 9+ t+ og+ 08 FOL UOISTOX] 
+ OS" N oF 6+ LI- 9T+ 08 GIL 8 eqO] PPP FYSII Fo BuUlo[NoIEqn Ty, 
ov a 8I- 9+ 08 Ott 8 ore ‘FL t - 
(INGO aad) | (*NIW/*T) (O*H ‘WO) | (O*H ‘WO) | (O*H WO) (oH ‘WN ) (9H ‘WH ) aLVY VauV aZOvauns AGog adqaWoan 
LAdLAo LoabLao auossaud | NOMVIdad | NOIMLVIGNI | OIIOLSvid OVIOLSAS asiod NOLLVUadO asvo 
Oviduvo Ovidavo TVGHOVEL | qunssdud IVaHOVYLOGNG ayASSaud aoota SISONDVId 
SNOIATUd -OdNG xas ‘adv 
wow NVaW 
aDSNVHO 
«I Gav 


uD 
s 





MEAN ENDOTRACHEAL PRESSURE EFFECT ON CARDIACOUTPUT 453 


Vol. 38, No. 4 
October, 1959 


‘queso sod ¢[ UuBvYy} SSo] “Ol ‘eduUBYO JUBOYIUSIS OU SozBOIPUI “O’S*N+ 
‘uedo jsoyd 94} YIM 
8804} WIOIJ PosO[O WSeYyO 94} YIM SUOT}BUIULIZJEP }NdjyNO OBIpPuBvd 9Y} o}BIVdEs JUZTJed YOR UO V}JEep 94} US92EMjJOq Soul] [B}JUOZTIOY V[ZUIS OULe 




















‘O'S'N oS 6 + €T- cIt+ 08 PPL 66 
‘O'S'N 8°¢ oOt+ 0 0st 68 OFT Oot 2’W 88'T 
9+ €°9 0 SE e+ FOL oLT Oot AulopououINEU 
‘O'S’ N o's 0 €I- eit 06 SFL 8L sun] oT FO ‘BuIOUTOIeD 
i Si i OI+ 06 8éL 06 TVW 09 OT 
‘O'S’ N CF 6 + 0 03+ 0L FOL 00T 
‘ON FF 0 cT- c+ OL OLT Oot Awojoov10y} £107810,d xq 
Lé+ U? 0 cT- cTt+ 06 6éT 06 Suny 7YStI Jo BuMouroIeD 
0g 6 + 0 03+ 06 at 06 eeW ‘99 «6 
09+ e°¢ 6 + O.- cT+ 00T OST 00T 2W 2Z9°L 
Lot €° Git | Steg cet 06 OST 06 £u10490q0'T 
39- 9% ert = Got OLT OLT 06 ewoipuds ego, eTPpryy 
8°9 6 + Or- cIt+ Ort O9T 06 qremag “OC 8g 
‘O'S'N oF L+ ie cIt+ 08 9IT Oot eqot soddn 4zoq zo 
‘O'S N i 4 oF 18 Pit OL OsT 90T Uorzi0d pus [TBM 4ysoyd WOTJOeSeqT 
CIt+ 6'F 6 + ees 61+ 0 Ost ¥6 ‘Trea 
‘O'S N et OI+ 0 e+ vl 921 9L yseyo 4JO] JO VUIODIVS dTUBZ0E1SO 
SF be €T- 03+ vl 036T 88 Ven ‘ee OL 
83+ og Lt Or- cTt+ OL 831 0or “WW F9°T 
oot 6 It+ 0 Got 06 as 06 £u10400q0'] 
$- ae Ti+ 0 CZ+ 08 981 BOL — eqoyt saoddn 4y S11 Jo stsojnoseqny, 
(i 9 + ort- bot ere ‘Gc 9 








nd 








454 NEALON ET AL. J. Thoracic and 

Cardiovas. Surg. 
before and after opening the thorax, the mean positive pressure after opening 
the thorax, and the peak inflation pressure were all high. It seems likely that, 
in these patients, opening the thorax improved cardiac filling and thus increased 
cardiac output. As the mean positive pressure and the mean endotracheal 
pressure remained high after opening the thorax, it does not seem likely that a 
change in the resistance to blood flow through the lungs could be responsible 
for the increased cardiac output. 

With the thorax open, the changes in mean positive pressure were slight, 
ranging from 2.5 to 6.5 em. HO, compared to the chanves in mean endotracheal 
pressure, ranging from 5 to 14 em. H,O with the thorax closed. It is not sur- 
prising, therefore, to find that only 4 of 9 patients exhibited an inverse relation- 
ship between cardiac output and mean pressure with the chest open. 

Humphreys and his associates,"1 many years ago, on the basis of animal 
experiments, came to the conclusion that the decrease in cardiac output with 
positive pressure inflation of the lungs in animals with an open thorax was “due 
to compression of the heart which hinders its filling rather than to compression. 
of the pulmonary vessels which interferes with its emptying.” Ankeney and his 
co-workers,’ on the other hand, thought that the fall in eardiae output which 
occurred in the open chest with positive pressure insufflation of the lungs was 
due primarily to increased pulmonary vascular resistance. We are inclined to 
believe, on the basis of the data reported here, that the increase in cardiac out- 
put which we observed in some patients on opening the chest was due to the 
relief of the pressure on the venae cavae and right atrium when the mean endo- 
tracheal pressure was high. On the other hand, with the thorax open we believe 
that the decrease in cardiac output which occurred in some patients with an 
increase in the mean positive pressure was due to interference with blood flow 
through the pulmonary vessels. 

Anesthesiologists and thoracic surgeons should realize that increasing the ~ 
mean endotracheal pressure, or the mean positive pressure, during intrathoracic 
operations may produce a decline in cardiac output as it does when the thorax is 
intact. When the lungs are not diseased, the mean endotracheal pressure must 
be inereased by 5 or 6 em. of water when the thorax is opened to maintain ex- 
pansion of the lungs. Any increase in mean endotracheal pressure above this 
slight amount necessary to keep the lungs expanded may result in a fall in 
cardiac output. Unnecessarily high endotracheal pressures can be most easily 
avoided by employing a mechanical ventilator in which the positive pressure 
phase can be easily regulated. The availability of a negative pressure phase 
to assist deflation of the lungs may be indispensable in the conduct of intra- 
thoracic operations in patients with severe emphysema,® or crippling pulmonary 
disease.” 


SUMMARY 


1. The effect of changes in endotracheal pressure on cardiac output was 
measured in 10 patients undergoing thoracotomy, before and after the thorax 
was opened. 
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2. With the chest closed, the cardiac output tended to vary inversely as 
the mean endotracheal pressure. 

3. When the mean endotracheal pressure was high, opening the thorax re- 
sulted in a greater cardiac output. 

4. With the thorax open, slight increases in mean positive pressure resulted 
in a decreased cardiac output in 4 of 9 patients. 
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DISCUSSION 


DR. JAY L. ANKENEY, Cleveland, Ohio.—I would first like to congratulate Dr. 
Nealon on this very interesting paper. I, too, have been interested in this problem of 
cardiac output and endotracheal pressures. , 
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I think any study concerning the use of intermittent positive pressure ventilation 
and cardiac output should include detailed consideration of the pressure profile of the 
positive pressure machine used. Many years ago, Dr. Cournand showed in the closed chest 
that if the positive pressure occupied only one third of the respiratory cycle, there was 
no interference with blood flow. If the positive pressure phase was prolonged beyond 
50 per cent of the cycle, cardiac output was reduced. Working in dogs in which we 
measured pulmonary blood flow continually, we found that this was also true in the open 
chest. Therefore, I wonder whether or not Dr. Nealon studied the pressure profile of his 
respirator, especially in those patients in which cardiac output was depressed. Perhaps 
the positive pressure phase occupied more than one third of the ventilatory cycle in these 
cases. 


DR. GEORGE H. HUMPHREYS, New York, N. Y.—It is very interesting to hear 
a paper which goes back to some studies that we did 15 years ago, crude and rather 
primitive studies compared to modern methods, but nevertheless apparently confirming the 
work that was done on dogs in Dr. Miller’s laboratory. 

I wanted to ask the same question, essentially, that Dr. Ankeney has brought up; 
namely, when one speaks of mean pressures, it doesn’t really tell us what the pressure 
relationship on the cardiac output is unless one knows the swing and the profile of the 
intermittent pressure relationship. 

It seemed to us in our animal experiments many years ago, in which we used con- 
tinuous pressure and maintained respiration by washing out the CO, with a catheter at the 
carina, that we could arrive at a continuous pressure which maintained respiration and 
which was optimal for cardiac output. Pressures above it and pressures below it both 
interfered with blood flow to the lung so far as we could tell. 

I wondered if Dr. Gibbon’s group had worked at all along those lines. 


DR. H. F. RHEINLANDER, Boston, Mass.—We have been investigating cardio- 
circulating dynamics in patients during thoracic surgical procedures. Using cyclopropane 
anesthesia and a volume limited-pressure variable respirator, significant decreases in cardiac 
output and stroke volume occurred after the pleura was vpened. The total peripheral 
resistance increased and the arterial blood pressure remained constant. Mean airway 
pressure, alveolar ventilation, pH, pCO,, and blood cyclopropane levels were maintained at 
the closed chest levels. 

Although a decrease in cardiac output and stroke volume is produced by surgical 
pneumothorax, under these conditions the circulatory regulatory mechanisms are intact 
and the arterial blood pressure is maintained as a result of the creenean | increase 
in total peripheral resistance. 


DR. NEALON (Closing).—I want to thank the discussers for their remarks. I am 
fully aware that they have been interested in this problem for a long time. 

Because of limitations of time I did not explain how we arrived at these mean 
pressures. There was a tap in the end of the endotracheal tube of these patients; by 
means of a transducer the endotracheal pressure was recorded on an oscilloscope and photo- 
graphed. The mean endotracheal pressures were arrived at on the basis of a planimetric 
analysis of the inscribed curves. 

The particular pressure pattern which we used is the one which is accomplished by 
the Jefferson ventilator. This has a roughly square pattern on both the positive and 
negative side. The duration of inflation was essentially the same duration as that of 
deflation. 

I think that in the majority of instances the circulatory effects seemed to be re- 
lated directly to the mean endotracheal pressure. A study we reported at this meeting 4 
years ago showed that the greatest gas flow per pressure span could be accomplished with 
a duration of inflation essentially the same as the duration of deflation. Furthermore, this 
showed that the total volume of ventilation was directly related to the span between the 
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peaks of inflation and deflation. This points up one of the advantages of the negative 
phase, because if one increases the negative phase commensurate with the positive phase, 
one can widen the pressure span to any limit without changing the mean endotracheal 
pressure and consequently interfering little with the circulatory effects. Using intermittent 
positive pressure, it is possible to increase the pressure span without increasing the mean 
pressure if the duration of inflation is decreased but there are limitations to this. 

We did not do any studies of various anesthetic agents. Those reported were of 
were induced with intravenous sodium Pentothal and some Anectine. An 
be was inserted and anesthesia after that was nitrous oxide and oxygen. 


patients who 
endotracheal tu 





INJURIES OF THE TRACHEA AND MAJOR BRONCHI 


R. Maurice Hood, M.D., Austin, Texas,* and Herbert E. 
Sloan, M.D., Ann Arbor, Mich.** 


Po of the trachea and major bronchi are occurring with increasing fre- 
queney. Still numerically uncommon, these injuries in the past have escaped 
early diagnosis. Surgical treatment has been instituted late and too often has 
not resulted in survival or adequate rehabilitation. 

The present study has consisted of reviewing 91 cases reported in the 
present world literature and adding 7 cases of our own. The subject is ap- 
proached from the standpoint of evaluating history and presenting findings 
and diagnostic procedures, in an effort to improve the ability to establish an 
early diagnosis. Surgical management of the early and late case is evaluated 
in the light of the 7 cases reported and those reviewed from the literature. 

Kinsella and Johnstrud, in 1947, reviewed the literature regarding in- 
juries of the tracheobronchial tree and were able to tabulate 38 cases and add 
2 of their own. At that time there had been few correct clinical diagnoses 
and attempts at primary repair were not made in any case until then. Few 
patients survived and most of those who did developed a bronchial stricture 
which required resection. 

Since that time, anesthetic and surgical techniques have changed con- 
siderably, so that, at present, successful primary repair of these injuries has 
become almost commonplace. It would seem obvious that bronchial or 
tracheal injuries should be diagnosed and repaired early. Most patients should 
survive and few should require pulmonary resection. A review of the subject 
at this time reveals, however, that there are still difficulties and delays in diag- 
nosis and that resection is still used by many as an elective form of treatment. 

Few surgeons have had extensive experience in this field, probably be- 
cause such injuries are relatively infrequent. The majority of reported cases 
have been single case reports or, at most, 2 or 3 cases. Only Paulson, Ehren- 
haft, Santy and associates, and Huizinga have reported a greater experience. 
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CASE REPORTS 


Case 1.—J. W. M., a 42-year-old white man, was involved in an automobile accident 514 
weeks before admission to the hospital. He had been hospitalized elsewhere with a partial left 
pneumothorax, pain in the chest, but no demonstrable rib fractures. An intercostal tube had 
been inserted into the left pleural space for management of the left pneumothorax, with im- 
mediate expansion of the left lung. Following this, the hemithorax slowly became totally 
obscured. This was believed to be the result of a pleural effusion. However, in retrospect, 
it represented development of total atelectasis. 

The patient, on admission, complained of a nonproductive cough with some anterior chest 
pain, moderate dyspnea, and slight orthopnea. He was not acutely ill. There was a marked 
shift of the mediastinal structures to the left side with shift of the trachea as well. Tactile 
and vocal fremitus were absent over the left chest and there was dullness to percussion over 
the entire left hemithorax. No breath sounds were audible over the left side of the chest. 





A, B. 


1.—A, Roentgenogram (Case 1) made 5% weeks after injury, demonstrating obscura- 
posed of. the left hemithorax and retraction of the trachea and mediastinal structures to the af- 
ected side 
B, Roentgenogram made 1 month following bronchial anastomosis. There is still con- 
siderable -smeoai reaction which eventually cleared. 


Chest roentgenograms revealed complete obscuration of the left hemithorax (Fig. 1, 4). 
There was retraction of the mediastinal structures and shift of the trachea to the left side. 
The right side of the thorax appeared normal. There was no evidence of rib fracture. 

On the day following admission, bronchoscopy showed a shift of the trachea to the left 
side and the left main bronchus terminated 2 to 3 cm. beyond the carina in a blind pouch. 
There was granulation in the central portion of the obstructed bronchus. 

A thoracotomy was performed 2 days later. There was total atelectasis of the left lung 
with some straw-colored fluid in the left pleural space. There were a few adhesions between 
the lung and the chest wall. Exploration of the hilum revealed intact pulmonary vessels 
which were densely adherent to the bronchi. The left main bronchus terminated 3 cm. beyond 
the carina and was buried in an area of scar tissue. There was a 2 cm. gap between the 
proximal end of the bronchus and the distal bronchial stump which was also embedded in 
sear tissue. The upper and lower bronchial stumps were mobilized and opened. The distal 
bronchial tree was filled with greenish, clear, mucoid material. This was aspirated as com- 
pletely as possible and an end-to-end anastomosis was carried out using interrupted 4-0 silk 
sutures. On completion of the anastomosis, the left lung aerated well but it was necessary 
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to aspirate the bronchial tree frequently in order to remove further mucous secretions. The 
chest was closed with drainage. The postoperative course was uneventful. Three weeks after 
operation, the main bronchus was found at bronchoscopy to have healed without stricture. 
The patient was seen 5 weeks postoperatively and was found to be well. X-ray 
examination at that time revealed expansion of the left lung. There was still some pleural 
reaction (Fig. 1, B). 


Case 2.—P. D., a 27-year-old white man who was struck by the steering wheel of his 
car in an automobile accident, was admitted to the hospital. At the time of the accident the 
patient did not appear to be seriously injured but 12 hours later he noted swelling in the 





A. 


Fig. 2.—A, Photograph (Case 2) made shortly after admission, demonstrating the extent of 
emphysema. 


anterior portion of the neck, pain over the right anterior chest, and cough which was productive 
of bright red blood. The swelling increased rapidly after its onset and, on admission, in- 
volved all of the chest, arms, neck, and face. 

At physical examination the patient was found to have a blood pressure of 122/72 mm. 
Hg and temperature of 101° F. There was marked subcutaneous emphysema involving the 
entire thorax, abdomen, head, and neck (Fig. 2, 4). He had a cardiac rate of 128. Exami- 
nation of the chest was inadequate because of the marked emphysema. 

Admission x-ray studies demonstrated the emphysema and a left pneumothorax with 50 
per cent collapse of the lung (Fig. 2, B). No evidence of fractures of the ribs or sternum was 
seen. A catheter was introduced through the second anterior interspace into the left pleural 
space, and connected to a water-seal system with suction. A large volume of air escaped, 
following which the left lung apparently expanded. 
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Emphysema persisted and increased further. A repeat chest film showed an increase in 
interstitial emphysema but no pneumothorax. Bronchoscopy was performed, revealing a trans- 
verse tear in the posterior wall of the trachea approximately 5 cm. above the carina. There 
was a mucosal injury over a much more extensive area and a flap of mucosa hung free in 
the lumen. Air was evidently escaping through this defect. The tracheobronchial tree other- 
wise appeared normal. 

Conservative management without surgical intervention was decided upon. The 
emphysema decreased slowly and the lung remained expanded. The patient was bronchoscoped 
2 months later. A small area of granulation at the site of injury was seen, without evidence 
of stricture formation or narrowing. The patient was lost.in follow-up after this time. 





B. 


Fig. 2.—Cont’d. (Case 2.) B, Roentgenogram made on admission which shows the partial 
pneumothorax on the left side and extensive interstitial emphysema. 


CasE 3.—M. L. P., a 24-year-old white woman, was involved in an automobile accident. 
She was hospitalized elsewhere and transferred to the University Hospital the same day. 

Physical examination upon admission showed a semicomatose woman who appeared to be 
acutely ill. There were multiple facial bruises and lacerations. There was marked sub- 
cutaneous emphysema which extended to the face and over the chest. There was hyper- 
resonance over the chest with decreased breath sounds, bilaterally. Fractures of the distal 
third of the tibia and fibula and multiple bruises of the other extremities were present. 
Neurological examination indicated only mild cerebral concussion. 

Chest x-ray studies made upon admission confirmed the extensive subcutaneous emphysema 
and mediastinal emphysema. There was bilateral pneumothorax with only minimal collapse 
(Fig. 3, A). Chest films made 3 days later failed to visualize the previously diagnosed 
pneumothoraces. 

The patient developed a right hemiparesis and her mental state became confused for 
several days. Difficulty was encountered in clearing bronchial secretions, and intratracheal 
suction was required on numerous occasions. Two weeks following admission, a chest film 
showed a right pleural effusion and subcutaneous emphysema. One week later, roentgenograms 
revealed multiple rib fractures on the right side, a pleural effusion with atelectasis of the right 
lower and middle lobes, and displacement of the trachea and mediastinal structures to the 
right (Fig. 3, B). 
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Bronchoscopy, 4 weeks after admission, revealed a large amount of purulent material 
in the right main bronchus which was totally occluded 1 em. distal to the right upper lobe 
orifice. This orifice could not be clearly seen. Repeated bronchoscopic dilatations were done 
over a period of approximately 1 month. A total of 24 endoscopic procedures were performed. 
After each bronchoscopy the stricture closed completely again. 

Two months after admission, a right thoracotomy was performed and the stricture of 
the right main bronchus, just proximal to the right upper lobe bronchus, was found. The 
posterior wall of the main and intermediate bronchus was-dissected free, incised, and a wire- 
supported, cutis graft was sutured in place. The lung expanded immediately and the post- 
operative course was uneventful. 





A. B. 


Fig. 3.—A, Roentgenogram (Case 3) made shortly after admission, demonstrating inter- 
stitial emphysema and a partial collapse of the right lung. B, Roentgenogram made 3 weeks 
later, when the patient was supposedly recovering, showing the initial re-expansion had been 
followed by complete atelectasis. 


Repeated bronchoscopic observations demonstrated that the area of the cutis graft 
was stricturing and 3 months later the wire support for the graft presented in the lumen 
and was removed. One month later the stricture had become complete. Reoperation was 
decided upon. At the time of operation, the area of previous repair was found to be 
heavily scarred and difficult to dissect free. At this time the entire area of stricture 
was resected and an end-to-end anastomosis was performed. 

The course following this procedure was uneventful. Bronchoscopy on several occa- 
sions showed some irregularity and some narrowing of the bronchial lumen at this point 
but an adequate airway was maintained. 

Case 4.—G. J., a 21-year-old white man, received a crushing injury to the chest in an 
automobile accident. He was admitted to a local hospital in an unconscious state. At the 
time of admission, x-ray examination of the chest revealed no abnormalities with the exception 
of fracture of the first and second ribs on the left side. He developed increasing evidence 
' of atelectasis in the left lung over the next 2 days, with retraction of the mediastinum 
toward that side. He was transferred 2 days after admission to another hospital. Be- 
cause of respiratory difficulty, a tracheostomy was performed upon admission. An x-ray 
film on the following day showed some improvement. Bronchoscopy wus performed and a 
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large amount of hemorrhagic mucopurulent material was aspirated from the left side. This 
was followed by clinical improvement and a lessening in the amount of atelectasis. X-ray 
examination 2 weeks later was considered normal. However, 4 weeks after injury he developed 





A, Be 


Fig. 4.—A and B, Inspiration and expiration films (Case 4) made on admission to show 
obstructive emphysema of the left lung and mediastinal shift on expiration. This patient was 
found to have a secondary bronchial stricture following primary repair 4 months previously. 





Fig. 5.—Roentgenogram (Case 4) taken postoperatively, following bronchoplastic procedure 
with a dermal graft. Expansion and function of the left lung were normal. 


a tracheal wheeze. A bronchogram was performed, which demonstrated a stricture of the 
left main bronchus at the carina. Five days Jater bronchoscopy was again performed and 
the stricture of the left main-stem bronchus was seen. The patient was operated upon 
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the same day and resection of the stricture with primary anastomosis was performed. The 
postoperative course was uneventful, except that it was found necessary to bronchoscope the 
patient repeatedly during the next 3 months, to cauterize granulation tissue at the point of 
suture. The patient was discharged finally with a stricture of approximately 50 per cent 
of the normal bronchial lumen. He was not seen subsequently until 2 months later, when 
he was seen at a Naval Air Station because of cough and intermittent wheezing on expiration. 
Physical examination at that time showed diminished to absent breath sounds on the left 
side. He was transferred to the U. 8. Naval Hospital, Oakland, California, for further 
diagnostic measures and for therapy. On examination, the patient was found to have the 
physical findings described. Fluoroscopy revealed obstruction emphysema of the entire 
left lung with marked shift of the mediastinum to the right during expiration. Inspiration 
and expiration films confirmed this finding (Figs. 4, 4 and B). The patient was 
bronchoscoped and a severe stricture of the left main bronchus at the carina was identified 
with an opening estimated at less than 0.5 mm. This could not be dilated and tomograms 
revealed it to be a long area of stricture. The patient was subsequently operated upon and 
the stricture repaired by using a Gebauer type of wire-supported dermal graft. 


The patient’s postoperative course was uneventful. He was bronchoscoped, beginning 
approximately 1 week following operation, at weekly intervals for about 3 months. Granula- 
tion tissue appeared about the graft and several sutures were removed bronchoscopically. 
Granulation finally ceased and dilatations were not required from this point. The patient’s 
pulmonary function tests following repair indicated about 50 per cent improvement over 
the preoperative studies. X-ray examination at this time showed the left lung to be ex- 
panded (Fig. 5). The patient was returned to full duty as an aviation cadet. 


Case 5.—R. A. S., a 22-year-old white man, was admitted to the U. S. Naval Hospital, 
Oakland, California, on Jan. 21, 1957, because of symptoms of bronchial asthma. He had 
severe bronchial asthma with evidence of infection, manifested by gross amounts of purulent 
sputum and fever. During the patient’s hospital stay it was decided that bronchoscopy 
would be of value diagnostically and therapeutically. Therefore, he was bronchoscoped 
on February 21, under topical Pontocaine anesthesia. He was found to have suppurative 
bronchitis. During the examination of the left bronchial tree, the patient became excited 
and suddenly sat up with the bronchoscope in place. At the same time his head was 
sharply flexed on the chest wall. He was calmed down and, upon examination of the 
bronchial tree, a 1 cm. transverse laceration was seen on the medial wall of the left main 
bronchus which was bleeding moderately. Within 15 minutes of termination of the pro- 
cedure, the patient had cervical emphysema which progressed to the point of producing 
emphysema of the entire head, neck, and anterior chest wall. No pneumothorax resulted 
and he subsequently recovered without any treatment. é 


Bronchoscopy 1 week later revealed a small area of granulation at the point of injury 
but no evidence of stenosis. The patient’s subsequent course was uneventful, the asthma 
responding to medical therapy. 


CasE 6.—E. P., a 22-year-old white woman, was admitted to the emergency room 1 hour 
following an automobile accident. She was not considered to be seriously injured. The in- 
juries were found to consist of fractures of the pelvis, fractures of the right sixth and 
seventh ribs and the left fourth rib, and multiple contusions and abrasions. 


A chest roentgenogram made the following day revealed the left hemithorax to be com- 
pletely opacified, with retraction of the mediastinal structures to that side. Bronchoscopy 
and bronchograms revealed that the left main bronchus terminated 4 em. from the carina in 
a blind sac. A history was then obtained that the patient had been involved in an automobile 
accident 7 years previously. At that time she had sustained fractures of 7 ribs on the left 
and a fracture of the clavicle. No pneumothorax or emphysema developed then. Chest films 
revealed the left hemithorax to have become opacified and were interpreted as showing a 
massive hemothorax. Bronchoscopy was not done. Following that injury, the patient had 
noted moderate dyspnea on exercise, which had not existed before the accident. 
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Thoracotomy was advised and refused initially, but was finally performed 5 months 
later. At operation, the left main bronchus was found to be disrupted with the proximal 
end encased in scar tissue and the distal end retracted 8 em. inferiorly and similarly enclosed 
in scar tissue. The distal bronchial tree was filled with gelatinous mucus. The two ends 
were freed, débrided, and an end-to-end anastomosis was constructed, using 2-0 silk inter- 
rupted sutures. There was difficulty in removing the mucus from the bronchi and expansion 
was poor. There was considerable fibrosis of the left lung. 

Postoperatively, partial expansion of the left lung occurred, but 6 weeks later 
bronchoscopy revealed stricturing of the anastomotic site. Since that time, repeated 
dilatations of the left main bronchus have been necessary to maintain any lumen at all. 
It is anticipated that plastic revision of the stricture or resection and re-anastomosis 
will be performed in the near future. 


Case 7.—W. H., a 19-year-old white man, was admitted to the hospital at 9:00 P.M., 
30 minutes after being involved in an automobile head-on collision. He was the driver. 

When first seen, the patient was semicomatose; the blood pressure was unobtainable. 
He was cyanotic and respiration was grunting in character. There was extensive and 
rapidly advancing emphysema of the chest, neck, and face. Physical examination indicated 
the presence of a tension pneumothorax on the right. This diagnosis was confirmed by 
thoracentesis. A No. 24 de Pezzer catheter was introduced into the pleural space through | 
the right second anterior interspace and connected to a water-seal bottle with continuous 
suction of 15 em. of water. 

The patient’s general condition improved dramatically. Cyanosis subsided, blood pres- 
sure rose to normal levels, and he became conscious and rational. However, over the next 6 
hours, air continued to escape from the intercostal tube in large amounts. At times the air 
leak exceeded the capacity of the suction apparatus which was 5 L. per minute. A portable 
chest x-ray study indicated only 50 per cent expansion of the right lung. 

Because of the continuation of an uncontrollable air leak and the inability to expand 
the right lung, a tentative diagnosis of rupture of a major bronchus was made and the 
patient was taken immediately to surgery. He was turned into the right lateral position 
and the chest rapidly opened. Exploration revealed a pneumothorax, and a collection of 
about 100 ¢.c. of blood in the pleural space. Upon each positive phase of respiration, large 
amounts of air were found to be issuing from a 0.5 em. opening in the mediastinal pleura, 
just superior to the azygos vein. When this opening was tamponaded, the right lung 
could be expanded. 

The mediastinal pleura was widely opened and the azygos vein ligated and divided. 
The exposure thus gained revealed that the right main bronchus had been completely avulsed 
from the trachea at the level of the carina and had retracted inferiorly about 5 em. The 
intratracheal tube was advanced into the left main bronchus and the opening of the disrupted 
right main bronchus was occluded by the balloon. The torn edges of the trachea and bronchus 
were débrided carefully. The right main bronchus was then anastomosed to the trachea using 
interrupted suture of 4-0 cotton. An attempt was made to keep the suture extraluminal 
insofar as possible. 

The postoperative condition of the patient was good and his course was uneventful. 
Bronchoscopy was performed on the third postoperative day, for the purpose of cleaning 
encrusted secretions from the suture line. An adequate lumen was present. Bronchoscopy 
was done again 6 weeks postoperatively, revealing at this time complete healing of the 
bronchus with a normal lumen. The patient was hospitalized for an additional 6 months 
because of a concurrent fracture of the femur. 


DISCUSSION WITH REVIEW OF 98 CASES 


Incidence.—Kinsella had been able to collect 39 cases at the time of his 
report. The 91 cases reported during the next 10 years reflect an increased 
awareness of the problem and a probable increase in the incidence of the injury. 
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The incidence according to sex indicates that males predominate in a ratio of 
over 3.1 (70 males to 21 females in 91 cases where the sex was stated). There 
was a marked predominance of individuals under 40, probably reflecting the 
fact that this age group is involved to a greater extent in hazardous occupa- 
tions and includes those young people known to be prone to high velocity 
automobile accidents. Children who sustained bronchial injury, with only 
three exceptions, were those who were run over by some vehicle. 


Types of Trauma Producing Bronchial Laceration and Associated In- 
juries.—In 84 eases, in which the cause of injury was recorded (Table I), 25 
occurred in individuals riding in an automobile involved in an accident. Six- 
teen patients were crushed or compressed between or under objects; 13 were run 
over by the wheel of a vehicle; and 7 were struck by a motor vehicle. There 
were 6 patients who sustained their injuries from falls. 


TABLE I. TYPE OF TRAUMA IN 84 CASES 











TYPE OF TRAUMA | NO. OF CASES 
Automobile collision 25 
Crushed under or between objects 16 
Run over by vehicle 13 
Struck by vehicle 7 
Penetrating wound 6 
Fall 6 
Endoscopy 4 
Surgical trauma 2 
Miscellaneous 5 





Automobile accidents resulting in bronchial rupture appear to be the most 
common cause. However, when one compares the frequency of automobile 
accidents with the relative infrequeney of other types of trauma producing 
bronchial injury, it is apparent that bronchial laceration is very rare among 
the total number of persons injured in automobile accidents. It appears that 
crushing or compression trauma is the specific etiology of most bronchial in- 
juries and therefore is probably the mechanism in high velocity accidents rather 
than direct blows upon the chest. 

Penetrating wounds are rare causes of tracheobronchial injury in only 4 
have been recorded. This is further emphasized by referring to reports of chest 
trauma resulting from the Second World War by Mackler, Burbank and asso- 
ciates, Sanger, and Hanner and Cohen, which include only 5 instances of major 
airway trauma from literally thousands of chest injuries. 

When the reported cases are studied with regard to other injuries con- 
comitantly acquired, the selectivity of the injury and etiological trauma are 
emphasized (Table II). In 80 cases where this information was available, 42 
patients were found to have sustained no other injury. Only 26 were reported 
to have had fractures of the bones of the thorax. Long bone and pelvic frac- 
tures were sustained in just 9 patients. Only 5 other patients had other major 
injuries. The cases of Ross, and Hughes and Fox are remarkable because of 
the presence of esophageal as well as tracheal injury resulting in tracheo- 
esophageal fistula. Injuries to the spleen and liver are not reported; again 
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marking the difference in trauma produced by compression and that produced 
by direct force. These patients are in sharp contrast to those usually seen 
following automobile accidents in which chest injuries with multiple rib frac- 
tures are associated frequently with head injuries and multiple long bone 
fractures. 


TABLE II. ASSOCIATED INJURIES IN 80 CASES 








ASSOCIATED INJURIES | NO. OF CASES 


None 42 
Fractures 
Bones of thorax 
Pelvis 
Long bones 
Head injury 
Injury of spinal cord 
Esophageal rupture 





bo 
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Lesions.—-In this total series of cases, there were 18 injuries of the trachea. 
Eighty bronchial injuries were recorded and all but 6 of these were in the main 
bronchi. Forty-one were on the right and 39 on the left. The most common’ 
site of injury was within 1 or 2 em. of the carina although all individual lobar 
bronchi have been reported in the series. Complete avulsion of the bronchus 
was the usual occurrence, although lesser injuries and, occasionally, linear 
tears occurred. Cases 1, 4, 6, and 7 of this series are representative. Only 
rarely, in contrast, was the trachea completely separated and the more com- 
mon lesion here was a linear laceration. Vascular injury, unless the trauma 
was of the penetrating variety, did not occur. Intrabronchial and intrapleural 
bleeding were not infrequent but occurred in large amount in only 3 patients 
of the entire series. It is felt that hemoptysis and bleeding into the pleural 
space in the majority of these cases have represented an injury to a bronchial 
artery rather than a pulmonary vessel. An explanation of the exact mecha- 
nism of the avulsion of the bronchus by compression or shearing trauma with- 
out vascular injury is not obvious from the literature and no plausible theory 
is advanced in this discussion. 

The sequence of events occurring in the bronchus and lung distal to stenosis 
or occlusion is fairly well recognized. For many years it has been recognized 
that high-grade stricture formation, if allowed to persist, will result in second- 
ary infection, bronchiectasis, and finally complete destruction of the involved 
area of lung. Unfortunately, for many years this concept was thought to apply 
to complete bronchial occlusion as well as stenotic lesions. The work of Croxatto 
and Lanari suggests that, from observations in the dog, complete occlusion of 
the bronchus by ligature will result in secretion of mucus into the bronchial tree 
to the point that bronchiectasis from this mechanism alone is the result. It is 
apparently recognized that infection plays some part, although this is not clearly 
set forth in their article. There are only 2 cases on record in which complete 
occlusion has been present and bronchiectasis or parenchymal damage has heen 
reported. 

Complete severance which results in stricture formation is uncommon, 
having been noted in only 2 of the 98 cases reviewed. Findings in our patients 
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and in those reported in the literature suggest that when complete bronchial dis- 
ruption occurs, each of the bronchial stumps, proximal and distal, heals by 
granulation and epithelization and the mucous glands continue their normal 
funetion until after lapse of time the bronchial tree becomes filled with mucus 
and somewhat dilated. This material remains sterile as a general rule. When 
the bronchus is filled to capacity and the pressure rises, mucus production is 
halted. Irreversible distention or bronchiectasis will not occur usually unless 
infection has complicated the situation. It is difficult to determine from the cases 
reported in the literature in which resection has been done whether bronchiectasis 
has been present or not. Studies of patients having primary repair after pro- 
longed periods indicate that distention occurring with mucus production alone 
is reversible and that bronchiectasis does require infection for its production. 
The parenchyma does not appear to be damaged usually by having the bronchus 
occluded even for a prolonged period. The work of Mahaffey and his associates 
has demonstrated that reasonably good function can be expected even though the 
bronchus has been interrupted for a period as long as 12 years. However, Case 
7 of this series suggests that, at least occasionally, intrapulmonary fibrosis may 
result in a situation in which the lung may not be sufficiently expandable to fill 
the thorax. Vascular shunting, demonstrated by Mahaffey, which occurs in pro- 
longed atelectasis, is not altogether reversible and will impair the final functional 
result but apparently not to a serious degree. 


Diagnosis and Diagnostic Procedures.—Table III is arranged to show the 
time interval from injury to diagnosis. In only 30 of the 90 cases, in which 
this information was available, was the diagnosis established in the first 24 
hours. Eight additional patients were diagnosed by the end of 7 days.and 15 
others were recognized by the end of 1 month. There were 37 patients in whom 
the time elapsing before diagnosis was 1 month to 19 years. 


TABLE IIT. INTERVAL From INJuRY TO DIAGNOSIS IN 90 CASES 











INTERVAL | NO. OF CASES | PER CENT 
First 24 hours 30 33.3 
1 to 7 days 8 8.8 
7 to 30 days 15 16.6 
30 days to 6 months 23 25.5 
Over 6 months 12 13.3 
Not made before death 2 2.2 





These figures suggest that the diagnosis is not always readily apparent at 
the time of injury. Therefore, a review of the initial symptoms and findings 
immediately following injury (Table IV) discloses several facts which are re- 
markable. Pneumothorax, said to be present invariably, was identified in only 
55 of 82 cases in which this information was recorded. Tension pneumothorax. 
which has also been said by several authors to be an almost constant finding, 
occurred in only 21 cases. Subcutaneous emphysema was present in just slightly 
over half of the patients. The remainder of the findings listed, although fre- 
quent, were not consistently present. 
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TABLE IV. INITIAL SYMPTOMS AND FINDINGS IN 82 CASES 











SYMPTOMS AND FINDINGS | NO. OF CASES 
Dyspnea 59 
Pneumothorax 55 

Open 2 

Tension 21 

Bilateral 4 
Subcutaneous emphysema 46 
Cyanosis 24 
Pain 20 
Hemoptysis 18 
Shock 14 
Cough 8 
Hemothorax 4 





There were 8 cases in which no symptoms or only a cough or slight dyspnea 
indicated intrathoracic trauma. It is not surprising that many of these indi- 
viduals have gone for prolonged periods before the correct diagnosis has been 
suspected. : 

When radiographic findings are considered, a similar situation prevails. 
The findings recorded may include pneumothorax which only occasionally has 
been under tension and in which the degree of pulmonary collapse has been 
partial or complete. With pleural intubation, expansion usually has occurred 
initially only to develop secondary atelectasis which has been either mis- 
diagnosed as pleural fluid or has not been seen because of a failure to have 
follow-up x-ray studies. Hemothorax has been recorded but 4 times. Inter- 
stitial emphysema and rib fractures have been seen frequently but not always. 

With regard to special diagnostic studies, there are just a few which appear 
to have been of value (Table V). Bronchoscopy was instrumental, as far as can 
be determined, in establishing the exact diagnosis more than any other pro- 
cedure. Bronchoscopy was performed in 60 of 85 cases in which information 
was available and was listed as the procedure which proved the clinical diagnosis 
in 54 of the 85 patients. Bronchography was used in the late cases to demon- 
strate either bronchial strictures or termination of the bronchial stump and 
complete disruptions in 16 cases. It was the instrument of diagnosis in 9 of 85 
cases. Planography was used occasionally and was listed as the means of diag- 
nosis in only 1 case. In 16 of the 85 cases, no special procedure was utilized in 
diagnosis which was made on clinical impressions alone. This was true chiefly in 
the cases in which the patient’s condition was one of extreme gravity and rapid 
diagnosis and treatment were imperative. 


TABLE V. METHOD OF DIAGNOSIS IN 85 CASES 











METHOD | NO. OF CASES 
Bronchoscopy 54 
Clinical 16 
Bronchogram 9 
Direct vision + 
Tomogram 1 
Lipiodol swallow (tracheoesophageal fistula) 1 
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How, in the face of nonspecific symptoms, physical and x-ray findings, can 
the diagnosis be established soon after injury? First, the history of compression 
or erushing injury to the chest should alert the physician. Second, a patient 
presenting with a pneumothorax which, when treated with an intrapleural 
catheter, is found to have a large, inexhaustible air leak should be considered 
to have major bronchial injury until disproved. Third, an individual with 
massive or rapidly advancing mediastinal or subcutaneous emphysema should 
be suspect. Finally, patients with these or less specific findings should not be 
allowed to escape clinical and radiographic observation until’ at least 2 weeks 
have elapsed following injury. X-ray studies made after this interval will 
almost certainly reveal the presence of tracheobronchial injury because of the 
developing atelectasis which will occur should it have escaped detection during 
the first 48 hours. 

Bronchoseopy should be performed as soon as bronchial injury is suspected. 
There should be no hesitaney in repeating bronchoscopy if the findings are in- 
conclusive or if clinical or x-ray findings remain consistent with bronchial in- 
jury. From the reported cases there are several instances in which the first 
bronchoscopy has not disclosed the injured area. Case 4 of this series was 
bronchoscoped on the third day following injury but the surgeon failed to dis- 
cover the avulsed left main bronchus. This is not unexpected when one con- 
siders that bronchoscopy is being conducted under emergency conditions and 
the bronchial tree frequently contains blood which serves to obscure the ex- 
pected laceration. The surgeon must exercise judgment about the extent of the 
diagnostic procedures permissible in the face of such an urgent situation. The 
diagnosis may have to be made and operative treatment planned with only 
clinical data for guidance, as was done in Case 6 of this series. 

Diagnosis in the late post-injury period is not difficult as a rule. Com- 
plaints of the patient are usually those of dyspnea on exertion and occasionally 
cyanosis. This obtains if there has been complete occlusion of a major bronchus. 
A more unusual situation is that of a permanent stenosis of the trachea or major 
bronchus. In this situation there will usually be wheezing and a cough pro- 
ductive of purulent sputum, since bronchiectasis may have developed. 

X-ray studies of patients with occlusion of a major bronchus characteristi- 
cally show complete atelectasis of the involved lung with marked retraction of 
the mediastinum to the affected side. The chest wall may also show retraction 
and the diaphragm will be elevated. If the injury is to a lobar bronchus the 
findings will be of the same variety but less marked. If there is an incomplete 
disruption with stricture, bronchiectasis or lung abscess distal to the injury may 
be found. Occasionally, obstructive emphysema may be present if the area of 
stenosis is very small. 

Bronchoscopy, bronchography, and planograms are very useful during the 
late post-injury period in confirming the clinical and x-ray diagnosis. 


Management.—Treatment must be considered from several viewpoints, de- 
pending upon the condition of the patient, the presence of associated injuries, 
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the presenting symptoms and their early progress, and the availability of anes- 
thesia for intrathoracic surgery, operating room facilities, and a surgeon capable 
of carrying out whatever corrective procedure is required. 

1. Early management: This group of patients should include all of those 
so injured; however, experience has shown that only 33 per cent of the cases were 
even diagnosed in the first 24 hours. 

Some patients will present with clinical situations requiring immediate cor- 
rective attempts, rapidly performed, and preceded by minimal diagnostic pro- 
cedures. Occasionally, heroic steps to save the patient’s life may be necessary. 
Tension pneumothorax represents one of the true emergencies. It should be 
managed first by insertion of a needle into the pleural space for the aspiration 
of air and replaced by an intercostal catheter with water-seal suction drainage 
as soon as possible. Rapidly advancing mediastinal emphysema may be con- 
trolled by such measures but, if progressive or if it is unassociated with a 
pneumothorax, may sometimes require an incision in the suprasternal fossa 
for the escape of air. If the air leak is uncontrollable by these measures, 
bronchoscopy to establish the diagnosis should be followed by immediate 
thoracotomy, and direct suture or reanastomosis of the torn or avulsed trachea 
or bronchus. 

Airway obstruction may be acute because of intrabronchial bleeding and 
may be produced by a disruption of the trachea. Tracheostomy and bronchos- 
copy may be vitally necessary even under admitting room conditions. If the 
injury is tracheal and the airway cannot be assured, even by passing a cuffed 
intratracheal catheter beyond the point of injury, thoracotomy may be urgently 
required. 

Contrary to what one might expect, the situations described are not common 
and the patient may be expected to survive the first few hours without serious 
difficulty. This is evidenced by the fact that there were but 7 deaths in the 
first 24 hours in the 98 cases reported; 8 patients required emergency trache- 
ostomy and only 21 had tubes inserted for tension pneumothorax. Only 4 of 
the 98 patients required urgent thoracotomy. This, however, may be a mislead- 
ing figure because there were other individuals who should have been operated 
upon early had the diagnosis been made. 

The presence of other serious injuries such as intracranial injuries and 
long bone fractures may require their taking precedence if the patient’s respira- 
tory status is not seriously impaired, even though the bronchial injury may be 
recognized. Certainly experience has shown that delayed primary repair, al- 
though more difficult, may be expected to give good results. 

It is also suggested that thoracotomy be deferred, if possible, until adequate 
anesthetic and surgical facilities are available. An emergency thoracotomy with 
inexperienced anesthetists or surgeons may unnecessarily cause the death of the 
patient when surgical intervention might well have been delayed. Unfortunately, 
this particular type of injured patient is not usually admitted to a medical center 
where management might be undertaken under ideal conditions. 
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2. Late management: In this event the surgeon may examine the patient 

by any or all specialized techniques at his leisure and undertake definitive 

surgery with adequate preparation and planning. The type of procedure may 

be dictated by the location and extent of the injury, the condition of the lung 

distal to the point of injury, and will be influenced by the preference of the 
surgeon for one technique over another. 


Techniques.—The following are described as the measures currently used, 
which may be of value. 

1. Primary suture or anastomosis: Primary suture is without doubt the 
procedure of choice when possible. In the immediate period following injury 
this is easily done from a technical viewpoint, requiring only débridement and 
suture. The position of the patient requires comment. Exposure of the left 
main bronchus and carinal area from the left will be difficult when approached 
through an anterior or posterolateral incision. This difficulty is obviated almost 
completely by the prone position. Mobilization of the aortic arch may be re- 
quired but is seldom necessary. Anesthesia must be temporarily administered 
by advancing the intratracheal tube into the opposite bronchus. The use of a 
double lumen tube such as the Carlen’s tube is not of practical value in this type 
of procedure. 

The suture material is a matter of personal preference. The authors prefer 
silk or cotton; however, stainless steel wire will serve well and is preferred by 
many. To prevent suture granulomata, Paulson suggests that sutures be kept 
extraluminal. Primary anastomosis after a delay of days, weeks, or months is 
much more difficult. There will be considerable scar tissue and inflammatory 
reaction in the area of injury. This may make the bronchial stumps difficult 
to identify. The freeing of the bronchus from the pulmonary artery may be 
tedious and hazardous. The prior encirclement of the main pulmonary artery 
by an umbilical tape will provide a margin of safety. ; 

When the distal bronchus is opened, it will be found filled with a gray- 
green, clear, gelatinous mucus. As much as possible of this material should 
be removed by earefully aspirating all lobar and segmental bronchi prior to 
anastomosis. The area of suture should be buttressed by mediastinal tissue or 
pleura and must be airtight to positive pressure applied by the anesthetist be- 
fore the chest is closed. The pleural space should be drained with two 
catheters connected to water-seal bottles. 

Postoperatively, more difficulty than usual with bronchial secretions may 
be experienced. Complete expansion and clearing of focal areas of atelectasis 
may take several days. Bronchoscopy should be performed on about the third 
day to clear the sutured area of encrusted secretion. Later in the postopera- 
tive period, bronchoscopy is indicated to reveal beginning structure, as oc- 
curred in Cases 4 and 7 of the present series. This is usually produced by 
granulation along the suture line. Dilation and the removal of sutures 
bronchoseopically may be required. A note of caution also must be made 
against excessive endoscopic manipulation which may serve only to injure a 
healing bronchus. 
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2. Dilation of strictures: This procedure has been used as a method of 
choice in tracheal and bronchial tears when they have been recognized early. The 
results do not justify its use over primary repair. However, when the initial 
period has passed and a stricture has resulted from an incomplete laceration, 
dilation may serve to enlarge the lumen sufficiently. Numerous endoscopies 
over prolonged periods will be necessary and the technique may fail altogether. 
Case 3 of this series is an example in point. Unfortunately, when a stricture has 
existed for prolonged periods, bronchiectasis will have frequently developed and 
may require resection. The writers would prefer primary repair, resection of 
the stricture, and reanastomosis or bronchoplastic procedures rather than to re- 
sort to dilation. 


3. Bronchoplastic operations: The classic work of Gebauer opened a new 
field in the correction of strictures of the tracheobronchial tree as a result of 
tuberculous bronchitis. The technique of wire-supported, dermal graft has 
been proved by many surgeons to be effective when properly utilized. This 
technique has more recently been applied to stenoses resulting from injury. Two 
patients, Cases 2 and 4 of this series, were so managed. However, it is felt that © 
with increasing experience primary repair or resection of the stricture with re- 
anastomosis is preferable. First, bronchoplasty with dermal graft is technically 
more difficult; second, the final result is inferior to that obtained with direct 
repair. The technique of Ross in using a pedicled muscle graft to close a re- 
current tracheoesophageal fistula may prove useful. 


4. Resection: There has been an increasing realization that the lung distal 
to a ruptured bronchus with complete occlusion does not usually become infected 
and does not develop bronchiectasis. Thus, the incidence of primary resections 
for this entity has decreased. Nevertheless, there have been 24 resections since 
1947 because of an occluded bronchus. It is apparent from a review of these 
ease reports that only 2 were found to have bronchiectasis or parenchymal 
damage. It must be emphasized that resection, although technically the easiest 
solution to the problem, penalizes the patient by removing gross amounts of 
normal lung tissue, which is undesirable. Pneumonectomy has been the most 
commonly performed resection, and tends to produce a respiratory cripple. This 
situation in a young, otherwise healthy, individual is regrettable. 


Results.—It is impossible to assess the results of forms of treatment statisti- 
cally when the numbers treated are as small as they are in this series. Certain 
facts are obvious and other data are impressive enough to be conelusive. Table 
VI illustrates the methods used and classifies the results arbitrarily, according 
to the current authors’ impression of the original case reports. This means of 
evaluating results is not necessarily accurate. For example, a “good” result 
following primary repair is not comparable to a “good” result following pneumo- 
nectomy for the same lesion. From the data in Table VI it can be seen that not 
to treat patients with bronchial injuries is unlikely to result in complete re- 
habilitation and may result in the death of the patient. Also, dilatation of 
traumatic strictures, even in 6 cases, has been unsatisfactory. Of these, 3 show a 
“good” result but this figure does not take into consideration the long duration 
of therapy and the numerous endoscopic procedures required. 
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TABLE VI. METHODS AND RESULTS OF TREATMENT IN 95 CASES 














RESULTS 
METHOD | GOOD | POOR |DEATH TOTAL 
Primary repair 44 + 1 49 
Resection 24 24 
Bronchoplasty 3 1 4 
Dilation of stricture 3 2 2 6 
No treatment 8 4 / tes 19 





*Two of these died before any therapy could be instituted. 


Resection has been shown to provide a satisfactory result if one is willing to 
ignore the respiratory loss that these patients sustain. Most resections were 
pneumonectomies which are particularly undesirable from the standpoint of 
postoperative function. 

Primary repair is the obvious method best suited for immediate control of 
the injured bronchus, at the same time preserving maximal function. 


Complications —Complications have been exceptionally unusual in the re- 
ported cases and one wonders if those in the literature are reported because of 
the good result obtained and the less satisfactory ones were less likely to be 
published. In this series of 7 cases there were significant complications. The 
patient in Case 4 developed a high-grade stricture at the site of anastomosis 3 
months after primary repair. This was managed successfully by utilizing a 
wire-supported dermal graft. Although the authors did not perform the initial 
operation there is no reason to suppose that this might be an unexpected compli- 
cation. Stricture following anastomosis of any hollow viscus is a predictable 
complication. However, meticulous technique and prevention of infection and 
suture granulomata should minimize its frequency. 

Case 7, at operation, was found to have extensive parenchymal fibrosis to 
the point that complete expansion could not be produced. The final result, 
therefore, was poor. This has been previously reported by Morichau-Beauchant 
in a ease in which the lung had been atelectatic for 19 years. 

The patient in Case 2 developed a complete stricture in spite of repeated 
dilatations and although the final result of delayed anastomosis was good, the 
folly of dilatation as a procedure of choice is demonstrated. 


SUMMARY 

Seven cases of injuries of the tracheobronchial tree have been reported. 
These have been considered with 91 from the literature reported since 1947. 
Certain facts and principles have emerged from this study: 

1. Injuries to the trachea and the.major bronchi are occurring with in- 
creasing frequency. 

2. Compression or crushing chest trauma is the method of injury in the 
majority of cases. 

3. Symptoms and signs may include subcutaneous emphysema, dyspnea, 
cyanosis, hemoptysis, pain, shock, and pneumothorax. These are not con- 
sistently present and may not be of sufficient degree of severity to arouse early 
suspicion. 
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4. Roentgenographic findings may be those related to pneumothorax but 
may be negative early. Late roentgenograms will usually show complete 
atelectasis. 

5. Bronchial lacerations should be suspected from the type of trauma and 
when tension pneumothorax or subcutaneous emphysema are present. A care- 
ful radiographic follow-up for at least 2 weeks will disclose most injuries 
escaping earlier detection. 

6. Bronchoscopy will usually establish the diagnosis but may be supple- 
mented by bronchography and planography. 

7. Immediate primary repair or anastomosis is the preferable treatment. 
This is almost always technically feasible. Delayed anastomosis, even though 
a period of weeks, months, or years has elapsed since the injury, will usually 
be successful. The functional result obtained is also usually excellent. 

8. Resection is not preferred because a potentially functioning lung is re- 
moved which may result in serious respiratory insufficiency. 
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DISCUSSION 


DR. ROBERT R. SHAW, Dallas, Texas.—First I would like to congratulate Dr. Hood 
and the other speakers of the day on the excellence of their presentations. 

Dr. Hood and Dr. Sloan have brought to our attention a condition that is being 
recognized more frequently, a condition which is life threatening and which, with 
prompt recognition and proper treatment, cannot only save a person’s life but restore 
normal function. 

Dr. Paulson and I have seen, along with the residents under our supervision, 11 
patients with tracheal tears and 6 patients with bronchial tears that have followed sharp, 
blunt blows to the chest. Usually, as has been shown by Dr. Hood, these have not been 
associated by crushed chests or by multiple fractures of ribs. 

This slide is one of a patient treated by Dr. E. S. Crossett, of El Paso, during the 
time he was with us as a resident. The patient was treated under the supervision of 
Dr. Paulson. Dr. Crossett quickly recognized the presence of a bronchial tear from the 
appearance of this first x-ray. Tracheotomy was done immediately. Because the right 
lung could not be expanded and because there was rapid egress of air from the right 
pleural cavity, even with suction, the patient was anesthetized, turned into the prone 
position and (slide) the right thorax opened. The next slide will show the type of tear 
that was found. 

This type of tear seems to show the shearing type of force that causes tracheal and 
bronchial lacerations. Dr. Crossett was able to do a meticulous repair of the bronchus 
and restore complete function of the right lung. The patient was able to leave the 
hospital approximately a week following the injury. 

This slide shows a bizarre tracheal tear. We have seen 11 tracheal tears. Some of 
them have been lacerations that required only tracheostomies for control. In this man’s 
case, however, seen 1 yeor after the tracheal tear occurred, a tracheostomy had been put 
in place, but with di‘iculty it just barely kept the trachea open. At first it was not 
recognized that he had sustained a tracheal tear, even though he had had massive hemop- 
tyses for several days after the injury. 

The diagram had to be touched up a bit because against the heart shadow it is difficult to 
show the tracheogram. 
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At surgery, a right thoracotomy was done. After the trachea had been dissected away 
from the surrounding structures, it was found that the tear had almost completely gone 
across the trachea about 3 cm. above the carina. Approximately one sixth of the circum- 
ference on the left side of the trachea had held. The major portion of the stenosis was 
really a crumpling of the trachea which, when it was fully dissected out, could be repaired. 
With freshening of the ends of the trachea, an end-to-end anastomosis with a very adequate 
lumen was accomplished. 

This patient did have a complicating hemothorax which prolonged his convalescence, 
but he has since made a complete recovery and has a normal voice. 

I again wish to express my appreciation to Dr. Hood and Dr, Sloan for this interest- ; 
ing paper. 


DR. HARVEY W. KAUSEL, Albany, N. Y.—I, too, have enjoyed this presentation, 
and concur with the authors that the immediate treatment rarely requires major thoracot- 
omy. The patients usually can be maintained with tracheotomy and catheter drainage if 
this is indicated, although occasionally, as Dr. Shaw pointed out, immediate thoracotomy 
certainly must be undertaken. 

I should like to present a variant of this condition which was alluded to by the 
authors. 

This slide is of a 21-year-old farm boy who ran into a telegraph pole and sustained 
an injury to his anterior chest; there were no other apparent injuries other than minor 
abrasions of the knee. He was hospitalized, and for reasons that are not clear was 
placed on penicillin for a period of 8 days. He was never kept in bed. Films of the 
chest, this one and others, revealed no evidence of fracture. 

However, prior to discharge he complained of a cough. This film, which was taken 
at the time of admission, shows no fracture of rib, and a lateral film showed no sternal 
fracture. However, you will notice that there is subcutaneous emphysema in the cervical 
region. 

(Slide) Despite the cough, the patient was allowed to go home and he was very 
recalcitrant to further investigation or treatment, and only after 6 months had passed did 
he return for medical assistance with a chronic productive cough and a weight loss of 
40 pounds. A plane film of the chest reveals rather marked dilatation of the stomach; 
no other appreciable abnormalities. The cough was always precipitated by deglutition, 
particularly fluids. 

(Slide) At esophagoscopy a fistula could be readily seen and a ureteral catheter 
was passed down the esophagus into the stomach and another smaller one through the 
fistula, and you can see it residing in the left lower lobe bronchus. 

(Slide) The patient was explored. There was marked reaction around the esophagus 
and the membranous trachea was so thickened that it was possible to close this with two 
layers of silk. The esophagus was closed in a routine manner and a flap of parietal pleura 
placed between the two suture lines, which we think is very important, where two suture 
lines might abut, because of recurrence. 

The mechanism of this injury is not completely understood. We feel that probably 
the cartilaginous rings are straightened out by abutting on the vertebral body, lacerating 
the membranous portion of the trachea, and then the cartilages snap back and they pick 
up the esophagus and perhaps cause this laceration. 


DR. RICHARD M. PETERS, Chapel Hill, N. C.—We have been interested in two 
aspects of this lesion; namely, the mechanism of injury and some of the late results of 
chronic atelectasis. If the mechanism of injury is due to a shearing force it should be 
common in high-speed accidents. It is actually more common following crushing injuries, 
as pointed out by Dr. Hood. We postulate that the crushing force acutely increases the 
pressure in the trachea by compressing the air. According to Laplace’s Law, the tension 
in the wall is directly proportional to the radius of the vessel. This fact would explain 
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why injuries of the trachea and major bronchi are most common. Ruptured bronchi when 
seen in the acute stage are not neatly sheared but have stellate tears. This type of injury 
further supports the concept of blowout. 

We also are interested in the late results of chronic atelectasis and why these 
patients do so well even without operative repair. 

This slide shows an angiogram of a dog which had its bronchus transected when 
it was a puppy. The angiogram shows that there is virtually no circulation in the right 
lung in this dog. The next slide demonstrates another angiogram after the bronchus was 
repaired. The repair was not done until the dog was 2 years old. There is now some 
circulation in the lower lobe region on the right although if this angiogram is analyzed 
carefully you will see that most of the circulation comes from the good lung. 

This slide shows the autopsy specimens. The lower one is the lung that did not have 
a transected bronchus; the upper one is the total lung on the other side, demonstrating 
that the lung does not grow if there is no ventilation but is less than one quarter the size 
of the control. 

I think it is important to point out that we all advocate repair in these circumstances, 
but there are very few reported oxygen saturation studies, particularly with 100 per cent 
oxygen, to be sure there is no significant shunt in these patients after repair. We should 
still have reservations about how much improvement we are giving the patients with 
chronic atelectasis. 


DR. EDOUARD D. GAGNON, Montreal, Quebec.—I enjoyed this paper very much. 
It was beautifully presented and so well illustrated. 

I would like to restrict my comments to the mechanism of injury. The previous 
discusser mentioned something in this respect. ‘We have been working on this problem, 
and have recently reported this work to the Royal College of Surgeons in Canada. It 
will be published shortly. 

I think that we are dealing with two problems. I have always been confused trying 
to decide the difference in the clinical picture between a complete rupture and a partial 
rupture. I believe that some of the slides shown today, where the bronchus is completely 
torn across, especially the one by Dr. Shaw, are probably the result of a shearing force, but 
when there has been a partial tear, whether in the trachea, the main bronchus or the 
smaller bronchi, it is a “blowout.” 

We all know the Zeuch theory. Macklin, in 1937, who was then Professor of 
Histology in London, Ontario, carried out some very interesting work in the bronchi of 
cats, placing a catheter in the lower lobe bronchus and injecting air. He described and 
published at that time, and again in 1938 and 1939, some pathways that the air followed 
after rupture or blowout of the smaller bronchi, the air creeping back along the vascular 
coverings of the bronchial tree back toward the mediastinum. 

We repeated this work, but with a cuffed tube, and found that the air not only came 
out of the bronchus and crept along the blood vessels, but also dissected backward along the 
‘ bronchi. I think that in partial tears, due to the increase in pressure and a closed epiglottis, 
there is a blowout or partial tear. This would explain the clinical picture presented by the 
authors of a man who, 18 hours after injury (and remember he had hemoptysis in between 
his injury and the clinical picture) becomes a “puff-ball man” as described in the literature. 

The late “puff-ball man” is probably due to this creeping back of air along the 
bronchial coverings. 

I would like to know what the authors think about this mechanism of injury. 


DR. HOOD (Closing).—I would like to thank the discussants for their comments and 
for adding to this problem. 

The problem mentioned of tracheal esophageal fistula is an unusual problem. There 
have been only 8 cases reported in the literature up to now in which this has been a 
result of this type of trauma. I think the operator in this case was fortunate to secure 
a primary repair without difficulty. 











480 HOOD AND SLOAN J. Thoracic and 


Cardiovas. Surg. 


This particular lesion in adults has had a notorious incidence of recurrence, and I 
think in this particular situation that the type of repair, as suggested first by Brantigan 
and later by Ross, is of value. This consists of interposing a pedicled muscle graft from 
the chest wall to separate these two suture lines. 

The problem of shunting in prolonged atelectasis is well known. Two of our patients 
and the 1 reported by Mahaffey, which are the only ones in whom careful measurement of 
pulmonary ventilatory function has been done, have shown relatively normal values. Measure- 
ments have shown that the shunts have been relatively small. None of these patients has been 
cyanotic. I think perhaps if these had been injured in childhood the lung might not have 
grown, the vasculature of the lung might not have developed. But. I think with the injury 
sustained in adulthood there will be little detraction from the final function. At least this 
has been our experience. 

So far as the mechanism of injury, we have no plausible theory to suggest the exact 
mechanism of a rupture of the bronchus, although we are of the opinion that it is a 
shearing trauma. If it were a matter of pressure increase, I would think that the 
cartilaginous portion of the bronchus would remain intact. Perhaps the membranous part 
might rupture but not the thicker part. 

Also, I would think that if this were the case there would be vascular injury on 
occasion—rupture of the great vessels, pulmonary vessels, or pulmonary veins. This has 
not been reported. 

Furthermore, we are all familiar with the children who have had excessive endo- 
tracheal pressure applied in surgery, in attempting to expand lungs, and of course the 
only thing that ever ruptures is the alveolar areas of the lung. I don’t believe—at least 
this is my opinion—that intrabronchial pressure increase is responsible for many of these 
injuries. 
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OF PULMONARY DISEASE CAUSED BY 
ATYPICAL ACID-FAST BACILLI 


Robert W. Harrison, M.D.* (by invitation ), Arthur F, Reimann, M.D.** 
(by invitation), Edwin T. Long, M.D.** (by invitation), William 
Lester, Jr., M.D.** (by invitation), and William E. Adams, 

M.D.,* Hinsdale and Chicago, Ill. 


INTRODUCTION 


UMEROUS reports in the literature describe the isolation of ‘‘atypical’’ acid- 
fast organisms from the sputum, gastric washings, or pleural fluid of pa- 
tients with pulmonary disease simulating tuberculosis.’** Among these 
atypical organisms were recognized various strains which became known as 
photochromogenie bacilli, ‘‘chromogenic”’ bacilli, nonphotochromogenic ba- 
cilli, “yellow” acid-fast bacilli, ete. Initially much uncertainty existed as to 
the relationship of these various atypical acid-fast organisms to human pulmo- 
nary disease. Many of these atypical bacilli were considered nonpathogenic on 
the basis of their inability to produce lesions in the guinea pig and were re- 
garded as saprophytes. More recently the use of improved and reliable bacteri- 
ologic techniques has led to increased recognition of the role of atypical acid-fast 
bacilli in human pulmonary disease. Classification of the atypical strains into 
more or less well-defined groups has assisted in a clarification of this role. The 
first major groups of atypical organisms to be recognized on the basis of culture 
characteristics were the photochromogenic, nonphotochromogenic, and the skoto- 
chromogenic types.”° 
Our interest in the atypical acid-fast infections stems from the fact that, 
in the district served by our hospital, 35 per cent of patients with positive 
sputum cultures yield atypical acid-fast bacilli in their cultures. Of these 
atypical cultures, 18.4 per cent are of the photochromogenie group and 67.8 
per cent are classified as skotochromogenic. 





Read at the Thirty-ninth Annual Meeting of The American Association for Thoracic Sur- 
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In our early experience, the atypical infections were regarded not un- 
like typical acid-fast infections with regard to chemotherapy schedules and 
surgical therapy. However, in managing cases of photochromogenic acid- 
fast infection, it soon became apparent that we were confronted with an 
organism resistant to conventional chemotherapy and a disease process that 
produces a higher surgical complication rate following limited type resections 
than was experienced in the treatment of typical acid-fast infections. Because 
of the large concentration of this type of case in our area and, consequently, 
a wider surgical experience in this type of infection than has been reported 
elsewhere to date, it was thought that an analysis of these cases would be 
profitable. 

The following report will attempt to define the presently recognized types 
of atypical infections encountered, the clinical characteristics of these diseases, 
the role of chemotherapy and surgery in such infections, and the histopatho- 
logic findings in surgical specimens. An attempt will be made to explain the 
higher incidence of surgical complications encountered in the photochro- 
mogenic infections and to present our current views on surgical therapy in 
such infections. 


CLINICAL MATERIAL 


Case records of patients treated and undergoing surgery at Suburban 
Cook County Tuberculosis Hospital Sanitarium between June 1, 1955, and 
Jan. 1, 1959, and later followed as outpatients, form the basis of this report. 


METHODS 


Bacteriology.—Selected material from sputum and from resected lung 
tissue was studied by direct smear, culture on Lowenstein-Jensen medium, 
evaluation of drug resistance (streptomycin, isoniazid, and para-aminosalicylic 
acid), and guinea pig inoculation. Judging a positive culture to be atypical 
was based on the (1) careful examination of properly stained smears, (2) the 
systematic observation of colonial morphology, (3) the development of or 
change in colony pigmentation after exposure to light during the active phase 
of growth, and (4) the results observed after intraperitoneal and subcutaneous 
inoculations into guinea pigs. Details of methods employed have been de- 
seribed earlier.2” On this basis, atypical organisms can be classified into four 
groups as follows. 


I. Photochromogenic acid-fast bacilli: The principal distinguishing feature 
of these strains is that the colonies are capable of acquiring a golden or 
lemon-yellow color after exposure to light. The colonies usually are quite 
smooth. In general, the photochromogenic strains produce a recognizable 
growth in 10 to 14 days on primary isolation. Guinea pig inoculation with the 
photochromogenic strains demonstrates that these organisms are much less 
virulent than typical tubercle bacilli. Subcutaneous injection of the photo- 
chromogenic strains in the guinea pig gives rise to local abscesses at the site 
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of injection with little evidence of further spread of disease. Intraperitoneal 
injection of these organisms produces an infection involving the serous sur- 
faces of the omentum, liver, and spleen; giving rise to superficial, caseous 
nodules containing the atypical acid-fast bacilli. Both intraperitoneal and 
subcutaneous inoculations of these organisms produce tuberculin sensitivity 
in guinea pigs.”* 


II. Skotochromogenic acid-fast bacilli: This group of atypical acid-fast 
organisms produces orange to brick-red pigmented colonies when grown in 
the dark. There is a wide range of colony morphology from large and flat 
to small and dome shaped. The skotochromogenie strains usually require 3 
to 4 weeks incubation to become apparent at the time of primary isolation. 
Guinea pig inoculation, either intraperitoneal or subcutaneous, with these 
organisms fails to demonstrate significant virulence although the majority 
of injected animals become tuberculin positive. However, no progressive or 
invasive disease occurs and the animals rarely die. 


III. Nonphotochromogenic strains (Battey type): These organisms pro- 
duce colonies which are variable in pigmentation ranging in color from buff 
to light orange but are not altered by exposure to light. The colonies are 
smooth, moist, and often appear as a confluent, buff-colored film with an oe- 
easional large colony rising out of the diffuse growth. The cells are shorter 
and more coccoid than are typical tubercle bacilli. The inoculation of many 
of these strains into guinea pigs results in progressive disease grossly in- 
distinguishable from that produced by typical human-type cultures. 


IV. Rapidly growing atypical strains: These strains are recognized and 
categorized on the basis of their ability to grow rapidly on artificial media 
to the extent that adequate colonial growth is visible by the seventh day of 
incubation. The colonies are cream to buff in color and do not develop any 
additional pigmentation after exposure to light. These cultures fail to pro- 
duce invasive or progressive disease in guinea pigs. These organisms are 
distinguished primarily by their complete resistance in vitro to streptomycin, 
PAS, and isoniazid. 


Pathology.—Surgical specimens from patients undergoing pulmonary re- 
section were submitted to the pathologist for gross and histopathologic study. 
Employing sterile technique, material was removed from each specimen for 
study, which included microscopic examination, culture, and animal inocula- 
tion. 


OBSERVATIONS 


Surgical experience in the atypical infections has been primarily limited 
to the photochromogenie and skotochromogenic types and therefore each of 
these groups will be considered separately. 


Photochromogenic Infections—One hundred and eight patients with pulmo- 
nary disease caused by atypical photochromogenie acid-fast bacilli have been 
reported from our laboratory, representing 7.8 per cent of all positive cultures 
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and 18.4 per cent of all atypical cultures. Twenty-four of these patients have 
undergone 30 surgical procedures in the course of their treatment. Clinical 
data on these patients are tabulated in Table I. 

The average age of these patients was 41 years and they ranged in age 
from 24 to 63 years. Eighteen (75 per cent) of these patients were males and 
6 (25 per cent) were females. 

Seven of these patients entered the hospital with the roentgenographic 
classification of ‘‘far advanced’’ and 17 were classed as ‘‘moderately ad- 
vaneed.’’ Four of the patients demonstrated bilateral disease, and cavitary 
disease was present in all cases. The most striking roentgenographic finding 
in these cases was the presence of thin-walled cavities—this observation being 





Fig. 1—C. C., 26-year-old woman. Admission roentgenogram revealed a 1.5 cm. thin- 


walled cavity in left subapical area. Sputum was smear and culture positive for atypical 
photochromogenic acid-fast bacilli. 


made in nearly one half of the cases (Figs. 1-3). These cavities ranged in size 
from 1 to 5 em. in diameter and not infrequently were solitary isolated 
cavities. Otherwise, the x-ray appearance of this disease was similar to and 
indistinguishable from typical pulmonary tuberculosis. 

All but one of these patients yielded positive sputum cultures for photo- 
chromogenic mycobacteria on admission. The cultures were studied in terms 
of their resistance to streptomycin, isoniazid, and PAS. All of the cultures 
were obtained prior to the initiation of antituberculous chemotherapy and 
thereby characterize the original pretreatment levels of drug resistance en- 
countered in these photochromogenie acid-fast cultures. These atypical cul- 
tures uniformly manifested significantly elevated resistance to all of the 
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Fig. 2.—E. N., 63-year-old man. Admission roentgenogram revealed a 5 cm. thin-walled 


cavity in right upper lobe. 
genic acid-fast bacilli. 


Sputum was smear and culture positive for atypical photochromo- 





3.—T. H., 31-year-old man. Admission roentgenogram revealed a 3 cm. thin-walled 


une 4 the left upper lobe. 
genic acid-fast bacilli. 


Sputum was smear and culture positive for atypical photochromo- 
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standard antituberculous drugs but most strikingly with regard to strep- 
tomycin and PAS. This finding is, in our experience, typical of photochro- 
mogenic cultures. The average duration of chemotherapy in these patients 
prior to surgery was 6 months, ranging from 2 to 15 months as tabulated in 
Table I. Early dosage schedules in these cases were ‘‘conventional,’’ i.e., 
isoniazid 300 mg. daily, PAS 12 Gm. daily, and streptomycin 1 Gm. twice 
weekly. More recently, larger dosages of isoniazid and streptomycin have 
been employed in some eases, isoniazid 600 to 1,200 mg. daily and streptomycin 
1 Gm. daily. In general, the roentgenographic response to therapy was unim- 
pressive. Slight to moderate clearing of infiltrates was observed in 14 cases. 
In 6 cases, the cavity reduced in size and in 3 instances cavity closure was 
noted. Six patients showed essentially no roentgenographie response to 
therapy prior to surgery. 
Surgical experiences in the photochromogenic infections are tabulated in 
Table I and summarized in Table II. 


TABLE II. EXPERIENCE IN THE SURGICAL TREATMENT OF 24 PATIENTS WITH ATYPICAL 
PHOTOCHROMOGENIC AciID-Fast INFECTIONS 











NUMBER COMPLICATION 
TYPE OF SURGERY OF CASES MAJOR COMPLICATIONS RATE 
Subsegmental resection 5 2 reactivation or recurrence 40 % 
of disease 
Segmental resection 6 3 bronchopleural fistulas 50 % 
with empyema 
Lobectomy 1 0 0 
Pneumonectomy 2 0 0 
Plombage thoracoplasty 15 3 failure to convert sputum 20% 
Conventional thoracoplasty 1 1 failure to close broncho- 100 % 
pleural fistula and convert 
sputum 





Fourteen pulmonary resections were performed for photochromogenic 
acid-fast infections. Five of these were of the subsegmental or wedge type, 
six segmental resections, one lobectomy, and two pneumonectomies. 

Two of the 5 patients undergoing subsegmental resections developed 
major postoperative complications in the form of recurrence or reactivation 
of disease. Positive sputum cultures were obtained 5 and 15 months post- 
operatively. One of these patients subsequently underwent a _ paraffin 
plombage thoracoplasty that resulted in sputum conversion. The remaining 
3 patients with subsegmental resections did not experience any major post- 
operative complications. This would represent a complication rate of 40 per 
cent for subsegmental resection. 

Three of the 6 patients treated by segmental resection developed broncho- 
pleural fistulas with empyema postoperatively. These fistulas and empyema 
spaces were treated by surgical collapse procedures—conventional thoraco- 
plasty in one instance and paraffin plombage thoracoplasty in 2 cases. The 
two plombage thoracoplasties resulted in control of the fistulas and oblitera- 
tion of the empyema spaces, but the conventional thoracoplasty failed to con- 
trol the fistula and empyema space. Subsequently, in the latter case, because 
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of persistently positive sputum cultures, it was necessary to perform a pleural 
pneumonectomy for control of the patient’s disease. These 3 cases out of the 
total of 6 segmental resections would represent a complication rate of 50 
per cent. 

The single patient treated by lobectomy for photochromogenic infection 
experienced no postoperative complications. 

The two pneumonectomies performed in the photochromogenie group 
represent secondary procedures after other surgical procedures had failed to 
control the disease. One case has been described above under the segmental 
resection group. The other case represents a failure of paraffin plombage 
thoracoplasty to close the cavitary disease and achieve sputum conversion, 
thereby leading to pneumonectomy for control of the disease. Postoperatively, 
major complications were not encountered in either case. 

Sixteen surgical collapse procedures were carried out in an attempt to 
control atypical photochromogenic infections (Table I), 15 of these were of 
the paraffin plombage thoracoplasty type while a conventional type tho- 
racoplasty was employed in 1 case. Failure of the thoracoplasty to collapse 
cavitary disease and result in sputum culture conversion or to obliterate a 
postresection empyema space and result in closure of a bronchopleural fistula 
was observed in 4 cases representing 25 per cent of all cases in which collapse 
therapy was performed. 

In spite of this high postsurgical complication rate, 91.5 per cent of all the 
patients with photochromogenic acid-fast infections treated by surgery ulti- 
mately experienced a good result with respect to adequate control of their 
pulmonary disease. 

The tissues from the photochromogenic cases demonstrated the whole 
gamut of the anatomic and histopathologic findings seen in typical human 
type Mycobacterium tuberculosis, var. hominis. No organisms other than acid- 
fast bacilli were encountered in the lesions. The cases with photochromogenic 
infection, however, exhibited distinct histopathologic differences. Nearly all 
of the surgical specimens contained cavities communicating widely with 
bronchi. The cavity walls and adjoining lung parenchyma exhibited an abun- 
dance of granulomatous tissue and tubercles containing giant cells, epithelioid 
cells, and caseation necrosis. The cavities were irregular in shape and lined 
by active granulation tissue. While most portions of their walls were thin 
and devoid of a distinct limiting fibrous periphery, in some portions they were 
encroached upon by irregular confluent solid foci containing an admixture of 
caseous material, zones of dense fibrous tissue, and granulation tissue in vari- 
ous stages of organization. These foci were ill defined, moderately firm, often 
yellow, and devoid of a capsule. They were often in close proximity to bron- 
chi. The solid foci were set close together and there was little bronchogenic 
dissemination. The most outstanding pathologic feature in over 90 per cent 
of cases was involvement of the bronchi by the disease process. The lesions 
were not merely restricted to the bronchus draining a specific focus but 
extended toward the hilum of the lobe via the submucosal lymphatics and 
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ranged from frank ulceration to mild subepithelial lesions. The incidence of 
this pathologie pattern was much higher than that observed in a comparable 
group of cases with typical tuberculosis (29 per cent). The amount of both 
free and phagocytosed fat, including birefringent material, was also greater 
in the cases of photochromogeniec infections. Large numbers of histiocytes 
and giant cells contained small fat droplets, and numerous lipoid inclusions 
were noted within giant cells. Asteroid bodies were encountered in 40 per 
cent of cases and Schaumann bodies in 30 per cent. 


Skotochromogenic Infections.—Ten patients yielded cultures positive for 
skotochromogenie acid-fast bacilli prior to undergoing surgical therapy. Clini- 
eal data on these patients are tabulated in Table III. The average age of 
these patients was 40 years, ranging fram 20 to 63 years. Six of the patients 
were males and 4 were females. One of these patients entered the hospital 
with roentgenologie findings of far-advanced disease. Four of the cases were 
classified as moderately advanced and 5 as minimal. Five of these patients, 
on admission to the hospital, yielded sputum cultures positive for typical 
acid-fast bacilli and in the course of their treatment converted to yielding 
atypical skotochromogenie acid-fast bacilli on culture. Five of these patients 
were admitted to the hospital with sputum cultures initially positive for skoto- 
chromogenic organisms. 

Drug resistance studies on the skotochromogenie cultures revealed moder- 
ately elevated resistances to streptomycin, PAS, and isoniazid. These in- 
creased resistances are observed even when these strains are isolated from 
patients who have received no prior chemotherapy. The average duration of 
chemotherapy in these patients prior to surgery was 7 months, ranging from 
114 to 30 months. Dosage schedules, in general, were isoniazid 300 mg. daily, 
PAS 12 Gm. daily, and streptomycin 1 Gm. twice weekly. 

In general, little response to therapy was observed by x-ray examination 
in the skotochromogenic infections. Five cases showed essentially no change 
during the course of therapy prior to undergoing surgery. Two infiltrative 
lesions were observed to cavitate during therapy while in 3 other cases cavi- 
tary disease was only minimally altered during the presurgical therapy period. 

Surgical experiences in the skotochromogenic infections are tabulated in 
Table III. Six pulmonary resections were performed for the skotochromogenic 
infections—three subsegmental resections, two segmental resections, and one 
lobectomy. No major postoperative complications were encountered in this 
group of resections. Four paraffin plombage thoracoplasties were performed 
in patients with skotochromogenic infections. The results of this surgical 
collapse therapy in these infections compares favorably with our observations 
in typical acid-fast: infections. 

Histopathologic examination of surgical specimens obtained from patients 
with skotochromogenic infections revealed findings not dissimilar to typical 
tuberculosis. No distinguishing characteristics or differences were attributa- 
ble to these infections. 


Typical Acid-Fast Infections—Table IV summarizes the surgical results 
in 153 cases of typical acid-fast infections treated during the period of time 
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covered by our observations on the atypical infections and is included for 
comparison to the results in the atypical groups. 


TaBLE IV. EXPERIENCE IN THE SURGICAL TREATMENT OF 153 PATIENTS WITH TYPICAL 
Acip-Fast INFECTIONS 








NUMBER COMPLICATION 
TYPE OF SURGERY OF CASES MAJOR COMPLICATIONS RATE 


Subsegmental resection 14 0 





Segmental resection 28 bronchopleural fistulas 21.4 % 
and/or empyema 
persistently positive 
sputum postop. 
reactivation or recurrence 
of disease 


Lobectomy bronchopleural fistulas 17.6 % 
and/or empyema 
persistently positive sputum 
postop. 
reactivation or recurrence 
of disease 


Pneumonectomy bronchopleural fistula with 
empyema 
contralateral spread of 
disease 
deaths 


Plombage thoracoplasty 16 failure to convert 
sputum 
1 spread of disease 


Conventional thoracoplasty 1 failure to convert sputum 





DISCUSSION 


Photochromogenic Acid-Fast Infections——Photochromogenie acid-fast or- 
ganisms, also known as the ‘‘yellow’’ acid-fast bacillus, are invariably isolated 
from patients with demonstrable pulmonary disease.* Usually no other type 
or strain of acid-fast organism is ever recovered from these patients and in 
their surgical or autopsy specimens only photochromogenice organisms have 
been recovered. 

When adding the morphologie and bacteriologie evidence together with 
the clinical picture, there seems little reason to doubt that these atypical 
mycobacteria are etiologically related to the pulmonary disease seen in the 
patients producing sputum positive for these organisms. It is not clear at 
this time whether these organisms should be viewed as variants of human-type 
tuberele bacilli or whether they represent infections with some other species 
of mycobacteria. Eighty-five per cent of all photochromogenie infections 
studied occurred in males and only 15 per cent of such eases were found in 
‘emales. The preponderance of male cases of photochromogenic infection 
would suggest that the transmission of this type of disease is less likely to be 
primarily on a familial or household basis. None of the patients with photo- 
‘hromogenie infections demonstrated significant exudative or inflammatory 
vomponents in their disease during our observation. The cases varied in 
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extent from minimal to far advanced but all seemed to be characterized by 
their chronic fibrocavitary quality and were especially prone to develop in- 
dolent thin-walled cavities. No instances of hematogenous or acute intra- 
pulmonary dissemination were encountered nor were any renal, bone and 
joint, or other extrapulmonary lesions found. 

The photochromogenie cultures uniformly manifest significantly elevated 
resistance to all of the standard antitubereulous drugs, but this is most 
strikingly seen with regard to streptomycin and PAS. Patients with this 
type infection respond poorly to conventional chemotherapy schedules. It 
seems probable that much if not all of the failure to respond to chemotherapy 
might be explained on the basis of the pretreatment resistance of these photo- 
chromogenic strains to the antituberculous drugs. However, there may be 
other still unknown factors related to, the basic biologic characteristics of 
these organisms which may determine their failure to respond to chemother- 
apy. 

Comparison of the lesions due to photochromogenic infections with typical 
tuberculous disease reveals differences in (1) composition of the tuberculous 
foei, (2) extent of endobronchial disease, and (3) amount and character of 
ingested and free fat. In the photochromogenie cases, the lesion commonly 
consists of irregular conglomerate solid foci bordering an otherwise thin- 
walled cavity. Although much connective tissue is discernible around some 
parts of the cavity wall, and within several portions of the conglomerate foci, 
the peripheral portions of the cavities and of the individual solid foci are 
generally ill defined and lack fibrous encapsulation. The process appears to 
grow by contiguity and direct extension rather than bronchogenic dissemina- 
tion. The intimate admixture of advanced organization with active granu- 
lomatous disease and the poor encapsulation suggest an active, though slowly 
progressive, process, such as may be caused by resistant organisms of low 
virulence. The low virulence of the organisms may also account for the 
relative lack of bronchogenic dissemination in the presence of severe endo- 
bronchial disease. The excessive amounts of fat and Schaumann bodies noted, 
likewise, may be the result of the biologic characteristics of the photochro- 
mogenic organisms. In analyzing the surgical complication rate in the group 
of photochromogenic infections, it is recognized that small numbers of cases 
are involved in each series and therefore percentages are less meaningful. 
Nevertheless, the complication rates observed are of such a magnitude that 
they undoubtedly have real significance. It has been observed that in the 
cases of photochromogenic infections in which resection was performed and 
complications followed, all were limited type resections—subsegmental or 
segmental. Furthermore, 3 of the 5 patients had positive sputum cultures 
at the time of surgery and mild endobronchitis was present in 1 case, as ob- 
served on bronchoscopic examination. It is felt that the increased drug re- 
sistance of these organisms and even more importantly, the basic disease 
process, ie., the high incidence of endobronchial disease and the poorly 
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demarcated cavitary and solid foci, are important factors in explaining the 
high rate of postoperative complications observed in our series. Therefore, 
greater attention should be paid to achieving negative sputum culture status 
and bronchoscopic evidence of absence of endobronchial involvement prior 
to undertaking surgical therapy. Surgical resection should then be employed 
in such a manner as to circumscribe more widely the disease process than in 
the treatment of typical acid-fast infections. In most cases this would indi- 
cate lobectomy as the minimal type of resection to be employed. 


Skotochromogenic Acid-Fast Infections.—The skotochromogenie strains un- 
doubtedly represent a much less homogeneous group of acid-fast organisms 
than do the photochromogenic mycobacteria. In general, the skotochromo- 
genic strains frequently resemble many of the well-characterized saprophytic 
species of mycobacteria and-on occasion they demonstrate attributes of No- 
cardia and other fungi. These organisms have been referred to by other 
writers as ‘‘chromogenic’”’ acid-fast bacilli or the ‘‘ 


18, 22 


> <2 


orange’’ bacilli.® * 

The majority of isolations of these organisms have come from patients 
demonstrating chronic pulmonary disease who have been positive for typical 
tuberele bacilli at some time prior to the isolation of the atypical, pigmented 
cultures. These patients never showed further progression of their pulmonary 
disease during the period when the skotochromogenie organisms were isolated. 
On the other hand we have consistently failed to isolate skotochromogenic 
acid-fast bacilli from patients with no detectable pulmonary disease. The 


absence of significant resistance to any single antituberculous drug on the 
part of skotochromogenie cultures makes it difficult to believe they can be 
accounted for on the basis of drug-resistant mutants or variants. However, 
this possibility cannot be eliminated entirely. 


These organisms appear to have definite significance in terms of the bio- 
logie history of tuberculosis in the individuals from whom they are isolated. 
In general, we feel that the presence of such atypical cultures is a good 
prognostic omen. However, inasmuch as the majority of these patients were 
culture positive for typical organisms in their immediate past, we feel that 
full and adequate chemotherapy should be continued until the traditional 
criteria for cessation of treatment are fulfilled plus complete absence of the 
bacilli on repeated culture. Recovery of skotochromogenie strains was rarely 
followed at a later time by the isolation of typical cultures from the same 
patient. 

Our limited surgical experience in the group of patients yielding the 
skotochromogenic type of organism would bear out the reduced pathogenicity 
of these organisms. The incidence of major complications following surgery 
in this group was found to compare favorably with our experience in the 
nanagement of typical acid-fast infections. Consequently, it is not felt that 
‘hese atypical skotochromogenic acid-fast organisms present any unusual 
roblems in surgical management. 
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SUMMARY AND CONCLUSION 


1. Thirty-five per cent of patients with positive sputum cultures in the 
district served by our hospital yield atypical acid-fast bacilli. 

2. A brief description of the four types of atypical acid-fast bacilli found 
on culture is presented. 

3. Of the atypical cultures, 18.4 per cent are of the photochromogenic 
group and 67.8 per cent are skotochromogenic. 

4. Surgical experiences in the two major groups of atypical infections 
are presented and compared with the surgical results in typical infections 
during the same period of time. 

5. The postoperative complication rate in the limited resection cases (sub- 
segmental and segmental resections) of photochromogenic infection was found 
to be strikingly greater than in the skotochromogenie or typical acid-fast 
infections. 

6. Histopathologic comparison of the lesions due to photochromogenic 
infections with typical tuberculous disease reveals differences in composition 
of the tuberculous foci, extent of endobronchial disease, and amount and char- 
acter of ingested and free fat. 

7. It is believed that the high rate of postoperative complications ob- 
served in our series of photochromogenie infections can be largely explained 
on the basis of these pathologie processes and the increased drug resistance 
of these organisms. 

8. On the basis of these observations, it is our opinion that photochro- 
mogenie acid-fast infections should be regarded with a much more conserva- 
tive and cautious attitude regarding surgical resection therapy, and that the 
application of resections of less than lobar extent are hazardous. 


We wish to acknowledge the technical assistance of Miss Rosemary Colton. 
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DISCUSSION 


DR. ROBERT T. FOX, Glenview, Ill.—I want to congratulate Dr. Harrison on this 
beautiful piece of work and its presentation. I trust this~isn’t strictly a Chicago and 
‘icinity problem; I am sure others have had the same trouble. But knowing of their 
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trouble with this, we at Chicago Municipal Tuberculosis Sanitarium reviewed some of 
our figures and, in just the year of 1957, found that of roughly 200 patients with pul- 
monary resection, other than pneumonectomies, about 25, or one eighth, had somewhere or 
another in their course photochromogenic organisms cultured. Of that 25, the incidence of 
complications of various types ran about 40 per cent, similar to Dr. Harrison’s, whereas 
in the complications of cases with ordinary or typical acid-fast bacilli it ran about 6 or 
7 per cent. So there is a very definite factor here. 

We have learned to respect this organism and tend, as again Dr. Harrison pointed 
out, to hit these patients preoperatively if we know that they have these atypical organisms 
with at least one, preferably two, different antituberculosis drugs, other than those with 
which they have been managed in their earlier course. During the operation we tend 
to perform a lobectomy rather than some lesser portion of the lobe, hoping that our 
incidence of complications will be lower. 

We feel that Dr. Harrison’s figures certainly compare with ours, and we can’t 
emphasize enough the respect one must give to this atypical bacillus. 

If there is any other suspicion of possible impending complication, in addition to 
the presence of these photochromagens, we tend to do some type of primary collapse pro- 
cedure rather than resection, hoping we will achieve control of the disease, rather than 
take the risk of a high incidence of complication. 


DR. FRANCIS J. PHILLIPS, Anchorage, Alaska.—I have appreciated hearing this 
discussion a great deal because it explains a great deal of the problems I have encountered 
in Alaska in our work there before the sanatorium closed, and my experiences there, on a 
fewer number of cases, exactly parallel the discussers’ experiences here: patients having 
subsegmental resections did poorly and, in most of these instances, we found this a typical 


photochromogenic type of growth. We were not able to explain it at that time. 

So that it seems to me that in this period of time, when we are sort of forgetting 
that tuberculosis is a serious problem, we perhaps have to tighten our girdle a little bit 
and study the cases a little more thoroughly, doing a little more exacting concentration 
on the type of treatment that we give. It almost, as has been said, carries us to the 
type of thinking that we had to employ before we had the miracle drugs. 


DR. ADAMS (Closing).—In view of our experience with this problem, as Dr. Harrison 
has told you, and in view of the advent of antimicrobial therapy reducing our surgical 
problem in tuberculosis, there has been a tendency to do less and less resection in order 
to preserve as much lung tissue as possible. This brings out the importance of knowing, in 
this group of cases, just what one is dealing with before surgery. 

We see here on a slide the gross characteristics of colonies of both the typical 
organism in the left upper corner and the skotochromogenic (those that become bright 
orange in the dark) and the photochromogenic (which become yellowish orange when 
exposed to light) types. 

If these culture plates are looked at and look suspicious of the photochromogenic 
type as seen on the left, then microscopic examination will bring out definite evidence of 
this type of organism. 

Therefore, in view of the fact that we are inclined to try to get by with segmental 
resection or less than segmental, it is well to know the type of organism in advance. 
I believe by so doing we will lessen still further the magnitude, as well as the percentage, 
of our complications in these cases. 

I wish to thank Dr. Fox and Dr. Phillips for their contributory remarks on this 
problem. 





THE SURGICAL TREATMENT OF TUBERCULOSIS IN CHILDREN 


Walter W. Fischer, M.D.,* and Peter A. del Missier, M.D. 
(by invitation), New York, N.Y. 


= aie to the use of specific antibiotics, surgery had very limited application 
in the treatment of pulmonary tuberculosis in children. The prognosis of 
primary tuberculosis was so grave that few survived for the consideration of 
surgery. Most patients with progressive primary disease died within a year. 
Those who survived were subject to reinfection and spread of the disease. 
Extrapleural procedures commonly performed at that time were not applica- 
ble in the treatment of children. Thoracoplasty remained the most commonly 
performed operative procedure in the treatment of adults until streptomycin 
became available. The use of thoracoplasty in children was most often ill 
advised since it resulted in serious deformity of the growing chest wall and 
consequent impairment of pulmonary function. The advent of antibiotic 
therapy has radically altered the prognosis of both complicated primary and 
reinfection tuberculosis in children and has permitted the occasional con- 
sideration of surgical treatment. Excisional surgery has, in our hands, re- 
placed all: less definitive operative procedures. Thoracoplasty, extrapleural 
and extraperiosteal procedures, as well as phrenicotomy, pneumothorax, and 
pneumoperitoneum, have been completely abandoned. 

This review is based upon a group of patients treated since 1952. These 
were patients on the Pediatric Tuberculosis Ward of Bellevue Hospital Center, 
in addition to the private patients of one of the authors (W. W. F.). Bellevue 
Hospital serves large segments of the New York metropolitan population in 
which the incidence of tuberculosis remains high. 

The patients have been classified in two categories: (a) those with adult 
or reinfection tuberculosis, and (b) those with complicated primary tubereu- 
losis. 

This classification is used despite the realization that the distinction be- 
tween primary and secondary tuberculosis is not always clearly defined. Pri- 
mary tuberculosis can occur in adults just as reinfection tuberculosis occurs 
in children. Nevertheless, the entire disease pattern of primary tuberculosis 
with its characteristic clinical, radiologic, and pathologic findings is usually 


quite unique. The use of this classification is, therefore, considered valid. 
Read at the Thirty-ninth Annual Meeting of The American Association for Thoracic 

Surgery at Los Angeles, Calif., April 21-23, 1959. F 
*Address: 170 East 78 Street, New York 21, N. Y. 
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Primary tuberculosis heals without incident in the great majority of 
cases, especially if diagnosed and treated with chemotherapy, when indicated. 
This discussion concerns the relatively small number of patients who develop 
complicated primary disease. Complicated primary tuberculosis is subdivided 
into: (a) progressive primary, and (b) post-primary. 

The term progressive primary, as used, defines local progression of the 
primary parenchymal lesion with or without visible cavitation: Post-primary 
disease is concerned with the late sequelae of complicated primary tubercu- 
losis. Irreversible pathologic changes, resulting from the lymph node com- 
ponent of the primary complex, are here the outstanding features. Tuber- 
culous infection per se is often completely controlled and secondary infection 
may then become the principal problem. 

Forty surgical cases are reviewed.. During the period under considera- 
tion, 570 children treated for pulmonary tuberculosis were discharged from 
the Pediatric Tuberculosis Department of Bellevue Hospital, 300 were male 
and 270 female. Of these, about 6 per cent had excisional surgery, an ap- 
proximate ratio of 1 in 17. The age of the patients at the time of surgery 
varied from 2 to 13 years, the age limit of the Pediatric Service. More spe- 
cifically, 8 patients were from 2 to 5, 18 from 6 to 10, and 14 from 10 to 13 
years of age—16 were male and 24 were female—19 were Puerto Rican, 11 
were white, and 10 were Negroes. 

Preoperative treatment has varied considerably in the past. Sinee 1956, 
a combination of isonicotinie acid hydrazide (INH) and para-aminosalicylic 
acid (PAS) is used preoperatively, preferably for a period of about 6 montis. 
Streptomycin is usually added at the time of surgery. The postoperative 
treatment is determined by the proved nature of the disease in the resected 
specimen as well as the status of the remaining lung observed at operation. 
Potential surgical cases are discussed in combined pediatric medical-surgical 
conferences during the course of treatment. Recommended surgical treat- 
ment is always a combined decision. 

Bronchoscopy is of great value in both diagnosis and treatment of tuber- 
culosis in children. This is particularly true in the primary disease group in 
which there is a high incidence of tuberculous endobronchitis. Bronchoscopies 
are performed under general anesthesia to avoid possible trauma, except in 
infants when anesthesia is not necessary. 

Bronchographie examination is performed with increasing regularity. 
This applies especially to the patients in whom the diagnosis of bronchiectasis 
seems probable and those with radiologic densities suggestive of persistent 
atelectasis. Ether anesthesia with endotracheal intubation has superseded 
the use of rectal anesthetics. Endotracheal intubation affords complete con- 
trol of the airway as well as a convenient means of introducing contrast 
material. The latter is thoroughly aspirated after completion of the x-ray 
examination. 

Pulmonary function studies have more recently assumed increasing im- 
portance in the preoperative evaluation of patients, particularly those in the 
post-primary group. 
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The operative procedures performed are listed in Table I. 


TABLE I, Toran NUMBER OF OPERATIONS (40) 








TYPE OF RML'+ 
OPERATION | TOTAL a LUNG| L. oie RUL | RML | RLL | RLL | LUL 
Pneumonectomy 6 1 5 
Lobectomy 20 10 10 4 2 1 3 8 
Segmental , 
resection 14 5 9 








SEGMENTS 
| APICAL 
APICAL LINGULA | POST. + 
| APICAL | POST. | R. SUP. | POST. | LINGULA | + AMB. SUP. L. SUP. 








Number of 
resections 3 3 2 





The postoperative complications were as follows: One patient developed 
empyema necessitating closed drainage 8 days after a left lower lobe 
lobectomy. This same patient eventually died as a result of cardiac arrest 
which occurred during the excision of a persistent chest wall sinus 3 months 
after lobectomy. This represents the only mortality. Two patients developed 
transitory densities in lobes subjected to segmental resection. These cleared 
with continued chemotherapy. There were no bronchopleural fistulas. There 
were no problems related to pulmonary re-expansion following partial re- 
section. 

In analyzing operative cases, multiple surgical indications are usually 
present. An attempt has been made to identify the single most important fae- 
tor in each ease. These dominant indications are listed in Table II. In- 
cluded in this group are 2 indications (No. 6 and No. 11) considered accepta- 
ble but not represented in the operative group. 


TABLE II. INDICATIONS FOR SURGERY 








. Persistent cavitation 
Noneavitary, bacteriologically positive foci 
Roentgenologically unstable, probably uncontrolled, caseous lesions 
“*Destroyed’’ lobe or lung 
. ‘*Tubereculoma’’ or large, partially calcified foci 
Acute hilar lymphadenitis 
. Bronchiectasis 
A. Symptomatic 
B. Asymptomatic but functionally detrimental 
. Persistent atelectasis 
Bronchostenosis 
. Obstructive emphysema 
. Chronic pleuritis F 
. Presence of concomitant disease as complicating factor affecting prognosis adversely 
The factor of sex and age adversely affecting prognosis 


- 


TIS OU wo DO 





CASE REPORTS 


The following are representative cases of the entire group which illus- 
trate the indications listed above. 
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CasE 1.—J. V., a 9-year-old Puerto Rican boy, was admitted with a history of chest 
pain, fever,.and productive cough of 4 months’ duration. Admission roentgenograms 
demonstrated infiltration in the lingula. Mantoux was positive (2x). Gastric contents 
were positive for tubercle bacilli on admission. Specific chemotherapy was instituted 
with good clinical response. X-ray studies 11 months later suggested some improve- 
ment, but tomograms (Fig. 1) revealed persistent cavitation. Lingular segmentectomy 
was done on Nov. 8, 1952, after 8 months of treatment. The immediate postoperative 
course was uncomplicated. Caseous, cavitary disease, positive for acid-fast bacilli on 
direct smear, was present in the surgical specimen. One month after operation, an in- 
filtrate was noticed in the left upper lobe. The previously instituted chemotherapy was 
supplemented with Aldinamide and was continued for a total of 19 months of treatment 
with complete clearing. 


Comment: X-ray finding of persistent cavitation after 8 months of chemo- 
therapy was the indication for surgery. The lingular location of the lesion 
was an added indication. 


Fig. 1. 


CasE 2.—F, M., a 3-year-old white girl, was admitted with a diagnosis of tonsillitis, 
pharyngitis, and otitis media. Routine x-ray studies of the chest revealed an area of 
calcification in the left apex. The patient responded to penicillin and was discharged. 
One month later, she was readmitted with a diagnosis of bronchitis which was treated 
with broad spectrum antibiotics. Tomograms (Fig. 2) revealed a large calcified mass. 
The patient was then transferred to the Chest Service. Patch test for tuberculosis was 
positive. Gastric washings were positive on 14 consecutive examinations. Bronchogenic 


-_ 


spread (Fig. 3), present at the time of admission, cleared after 7 months of specific ther- 
apy (Fig. 4). Apical posterior segmental resection was done on Dec. 15, 1955, after 7 
months of chemotherapy. The postoperative course was uneventful. Pathologic examina- 


tion showed a large, dense mass with a caseous center and extensive calrifications at the 





Vol. 38, No. 4 SURGERY FOR TUBERCULOSIS IN CHILDREN 505 
October, 1959 


periphery. Direct smear and culture were positive for acid-fast bacilli. Postoperative 
gastric content studies were consistently negative. A follow-up x-ray study, 2 years after 
surgery, is presented in Fig. 5. 


Comment: This is an example of progressive primary disease with x-ray 
evidence of marked calcification. The primary indication for surgery was per- 
sistent positive sputum in the presence of a densely calcified lesion. 


0-14-55 
sc ER ae bY 


Fig. 3.%° Fig. 4. 


CasE 3.—F. S., a 2-year-old Negro boy, was admitted because of a large x-ray density 
in the left upper.lobe (Fig. 6). Both foster parents were hospitalized for pulmonary 
tuberculosis. Patch test was positive on admission. All gastric and bronchial washings 
were negative for acid-fast bacilli. Chemotherapy was started and continued for a pro- 
longed period since bilobar involvement was considered likely. Only moderate improve- 
ment occurred after 2 years of specific therapy. Apical posterior segmental resection 
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was done on Oct. 30, 1956. The postoperative course was uneventful. The specimen 
contained large fibrocaseous lesions with severe bronchiectasis. Fig. 7 presents a follow- 
up x-ray examination 15 months after surgery. 

Comment: This is an example of progressive primary disease with a per- 
sistent large caseous focus. It was believed that this represented a threat to 
the patient despite 24 months of chemotherapy. | 


F.M. 1-22: 


Fig. 5. 


10-27-54 WP ES.1-2-58 


Fig. 6. Fig. 7. 


Case 4.—P. R., a 10-year-old Puerto Rican boy, was admitted because of fever, chest 
pain, and cough of 2 weeks’ duration. Patch test, direct smear, and gastric washings 
(3x) were positive. Admission x-ray studies (Fig. 8) demonstrated a large cavity in 
the left upper lobe with bilateral bronchogenic spread. Chemotherapy was instituted 
with clinical and radiologic improvement. Bronchoscopy was negative. Tomography, 
after 15 months of treatment, revealed persistent cavitation in both upper and lower 
lobes on the left. Preoperatively (Fig. 9) the left lung appeared markedly contracted. 
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Pneumonectomy was performed on Jan. 13, 1954, after 16 months of chemotherapy. The 
postoperative course was uneventful. Pathologic examination revealed a shrunken, fibrotic 
left lung with fibrocaseous and cavitary lesions in both lobes. Fig. 10 presents a follow-up 
x-ray examination made 34% years after surgery. 


on. 2-54 


Fig. 9. 


Fig. 10. 


Comment: This is‘# ease of ‘‘destroyed’’ lung resulting from chronic pul- 
monary tuberculosis, reinfection type, uncontrolled after 16 months of chemo- 
therapy. The principal indication was that of persistent eavitary disease in- 
volving the entire contracted, functionally impaired lung. 

Case 5.—R. L., a 13-month-old Negro boy, was admitted with a history of cough, 
fever, and anorexia of 2 weeks’ duration. At 9 months of age the patient had had 


~ 
pneumonia which cleared slowly and was followed by frequent “colds” and intermittent 
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fever. Admission Mantoux, gastric (6x) and bronchial washings were all positive. X-ray 
studies (Fig. 11) revealed clouding of the entire left lung field. After 5 weeks of specific 
chemotherapy, x-ray examination (Fig. 12) demonstrated a spread to the right. 


Bronchoscopy revealed acute tuberculous endobronchitis of the left main-stem bron- 
chus. Granulation tissue and caseous material, suggesting lymph node erosion, was ob- 
served. Cycloserine was added in the hope of controlling the endobronchial disease. Six 
months after admission, many high lights were seen in the previously opaque left chest. 


Fig. 13. 


On bronchoscopy at this time, the main bronchus remained completely filled with granula- 
tion tissue. Serial bronchoscopic examinations during cycloserine therapy revealed gradual 
improvement. Eleven months after admission, x-ray examination (Fig. 13) again showed 
clouding of the entire left lung field with satisfactory clearing on the right. Pneumonec- 
tomy was performed with streptomycin coverage on Jan. 20, 1956, after a total of 12 
months of chemotherapy. At operation the lung was found to be airless and contracted, 
and it failed to expand on positive pressure. The postoperative course was uneventful. 
The specimen consisted of a firm, shrunken lung crowded with saccular bronchiectasis 
and contained numerous small caseous nodules throughout. 
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Comment: This is an example of primary tuberculosis with endobronchial 
disease and rapid development of irreversible pathologie changes involving the 
entire left lung. Indication for surgery in this case was that of ‘‘destroyed”’ 
lung essentially post-primary in nature. The diseased lung represented a threat 
to the patient from the standpoint of secondary nonspecific as well as possible 
specific infection. 


Fig. 14, A. 


iC. 5-12-! 


«- Fig. 15. 


CasE 6.—M. C., a 6-year-old Puerto Rican girl, was admitted with a history of cough, 
malaise, and anorexia of 7 months’ duration. X-ray studies revealed extensive nodular 
calcifications in the left upper lobe, more clearly seen on tomograms (Fig. 14, A and B). 
Gastric washings were positive. The patient was given specific therapy. Bronchoscopy 
showed tuberculous endobronchitis in the left upper lobe orifice which was observed to 
progress to bronchostenosis. The clinical course was marked by repeated bouts of bron- 
chopneumonia thought to be due to intercurrent infection distal to the obstructed bronchus. 
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Preoperative roentgenograms revealed only slight improvement. A left upper lobe lobec- 
tomy was done on June 27, 1957, after 10 months of chemotherapy. The postoperative 
course was uneventful. Extensive cavitation with peripheral calcification, pulmonary 
fibrosis, and bronchiectasis were found in the resected specimen. <A follow-up x-ray study, 
9 months after surgery, is presented in Fig. 15. 


Comment: This is an example of large, nodular, calcified foci commonly 
referred to as ‘‘tubereculoma.’’ Four of our patients had disease_of this type. 
Three proved to have cavities, 1 uncontrolled caseous disease. 


CasE 7.—M. C., an 81%4-month-old Negro infant, was completely well until at the age 
of 5 months she was first hospitalized with pharyngotracheitis. Chest x-ray studies dis- 
closed hilar lymphadenopathy. Subsequently, the child developed night sweats, recurrent 
upper respiratory infections, and episodes of wheezing respirations. The infant was read- 
mitted to another hospital. Mantoux was positive. The patient was given specific chemo- 
therapy and was transferred to our institution after about 40 days of treatment. On 


Fig. 16. Fig. 17. 


admission, x-ray studies (Fig. 16) disclosed marked bilateral hilar lymphadenopathy with 
evidence of obstructive emphysema in the right lower lung field. Specific antibiotic 
treatment was supplemented with steroid therapy. Five weeks later, x-ray examination 
(Fig. 17) revealed marked resolution of the hilar shadows and disappearance of the ob- 
structive emphysema. 

Comment: This is an example of acute hilar lymph node tuberculosis with 
endobronchial obstruction. It illustrates the improved response that may be 
anticipated with the use of steroids. 

Case 8.—D. B., a 2-year-old Négro girl, had a history of cough and fever of 3 months’ 
duration. These symptoms had developed after tonsillectomy. Patch test and gastric 
washings were positive. X-ray studies (Fig. 18) revealed a homogeneous density in the 
left mid-lung field which proved on lateral views to be in the superior segment of the left 
lower lobe. Tuberculous endobronchial disease was noted on bronchoscopy. Bronchial 
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washings were positive for acid-fast bacilli. The patient was given specific chemotherapy 
and discharged to a sanatorium after 5 months of treatment with satisfactory response. 
After 2 years of sanatorium care, the patient returned home improved. More than a year 
later, the patient was readmitted to our institution afer recurring episodes of infection 


during which physical signs were present in the area of the original disease. Roentgeno- 


DB. 971-55 


Fig. 20, A. Fig. 20, B. 


grams (Fig. 19) showed a density in the left hilar area. Bronchograms revealed saccular 
bronchiectasis in the superior segment of the left lower lobe (Fig. 20, 4 and B). Gastric 
fluid was again positive for acid-fast bacilli. A resection of the superior segment, left lower 
lobe, was done on Oct. 15, 1955. The postoperative course was uneventful. Pathologic 
findings were predominantly those of bronchiectasis, fibrosis, and emphysema. Direct 
smear was negative for acid-fast bacilli. = 
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Comment: This is an example of segmental post-primary bronchiectasis 
resected 5 years after primary infection. Patient had recurrent infections in 
the involved area considered to be nonspecific. However, the gastric fluid ob- 
tained at the time of operation was reported positive for acid-fast bacilli. 


Case 9.—R. J., a Puerto Rican boy, was first admitted to a sanatorium in Puerto Rico 
because of cervical, axillary, and inguinal adenopathy. Some of the cervical nodes were 
excised and were positive for acid-fast bacilli. At that time, chest x-ray studies revealed 
left hilar adenopathy with opacification of the left upper lobe. Sputum was positive. 
The child was given specific chemotherapy. Two years later, at age 9, the patient came 
to New York and was admitted to our institution with chief complaint of cough and 
malaise. X-ray examination (Fig. 21) showed a uniform density in the left upper lobe. 
Bronchoscopy revealed inflammatory reaction in the mucosa of the left upper lobe orifice. 


YEP ray d 


Fig. 21. Fig. 22. 


Gastric contents were positive. The patient was given specific chemotherapy and was 
discharged 14 months later. At that time, tomograms (Fig. 22) indicated the presence of 
a contracted, atelectatic left upper lobe. The child was readmitted for bronchograms 
and respiratory function studies. Bronchograms demonstrated left upper lobe bronchiecta- 
sis. Pulmonary function studies revealed decreased oxygen saturation at rest and after 
exercise. A left upper lobe lobectomy was performed on June 13, 1958, after 16 months 
of chemotherapy. The postoperative course was uneventful. Pathologic findings were 
those of bronchiectasis and fibrosis with scattered calcified nodules. Cultures were nega- 
tive for acid-fast bacilli. 

Table III summarizes the preoperative and postoperative respiratory function studies. 


TABLE III. RESPIRATORY FUNCTION STUDIES 
(J.R. NR. 7278-55) 








| DETERMINED 
PREDICTED PREOP. | POSTOP. 


Vital capacity (L.) 1.75 1.90 1.70 
Functional residual capacity (L.) 0.66 0.75 0.68 
Residual volume (L.) 0.30 0.38 0.32 
Total lung capacity (L.) 2.10 2.29 1.96 
RV/TLC (per cent) 14.0 17.0 16.0 
Maximum breathing capacity (L./min.) 50.0 45.0 54.0 
A. B. O, saturation (per cent) 96+ 86.0 99.0 
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Comment: This is an example of post-primary bronchiectasis and atelecta- 
sis. The patient was essentially asymptomatic. Functional studies provided 
the indication for surgery. The low arterial oxygen saturation (82 per cent) 
suggested that the diseased lobe functioned as a shunt. This was corrected by 
lobectomy. 

Case 10.—M. McC., a white girl, was first admitted to our institution at 5 years of 


age. The patient’s mother died of tuberculosis. Two sisters were admitted with the 
patient and another sister was previously hospitalized for tuberculosis. Patch test and 


McC. 10-20 


Fig. 23. 


M.McC. 12-9-53 


Fig. 24. 


gastric washings were positive (2x). A roentgenogram revealed a right upper lobe density 
(Fig. 23). Specific therapy was started and was continued after transfer to a sanatorium 
for a period of 10 months with good clinical response. She remained at the sanatorium 
for 2 years and was discharged improved. After discharge, the patient had an episode of 
pneumonia and hemoptysis but did fairly until she was readmitted at 10 years of age 
because of hemoptysis, cough, and fever of 4 days’ duration. Roentgenograms were 
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essentially the same as on first admission 5 years previously. A roentgenogram, one week 
after admission, shows a uniform density obscuring most of the right lung (Fig. 24). 
The patient was started on chemotherapy and the x-ray density cleared within a month 
(Fig. 25). Apical segmental resection was performed after 6 weeks of preoperative chemo- 
therapy. The postoperative course was uncomplicated. The excised segment was markedly 
atelectatic and pathologie study showed fibrosis, bronchiectasis and nodular, partially calcified 
caseous disease. 

Comment: This is an example of persistent segmental atelectasis. Resec- 
tion was done because of reeurrent hemoptysis after a 5-year period of ob- 
servation. 

Case 11.—C. P., a 9-year-old white boy, was admitted because of bronchopneumonia. 
The patient had a positive patch test and x-ray evidence of a primary lesion at the age 
of 4. Subsequently, he was treated in a number of hospitals for recurrent pneumonitis 
which always cleared slowly. On admission to our institution, x-ray. examination of the 
chest (Fig. 26) revealed a density in the left upper lobe with a calcified primary lesion. 


Fig. ¢ 


Sputum was consistently negative. The child was treated with antibiotics and discharged 
improved. After repeated episodes of respiratory tract infection, bronchograms (Fig. 27) 
revealed obstruction of the apical posterior segmental bronchus. The patient was read- 
mitted and given specific chemotherapy. Preoperative x-ray studies showed considerable 
clearing of the parenchymal infiltrate. An apical posterior segmental resection was per- 
formed on June 16, 1952. The postoperative course was uneventful. The resected seg- 
ment was fibrotic, atelectatic, and contained confluent areas of caseation necrosis. Direct 
smear and cultures were positive for acid-fast bacilli. 


Comment: This is an example of bronchial obstruction with tributary 
parenchymal atelectasis. Preoperatively, recurrent infection was considered 
to be nontubereculous in nature. It was undoubtedly specific since the resected 
specimen contained active caseous disease 5 years after primary infection. 


Case 12.—C. L., a 12-year-old Puerto Rican girl, was previously hospitalized for 
primary pulmonary tuberculosis during childhood in Puerto Rico. Chronic obstructive emphy- 
sema developed and she finally was sent to New York for possible treatment of this condition. 
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The patient was first admitted to another New York hospital. Specific chemotherapy was 
given for a period of 5 months because of a nodular density in the right upper lobe. The 
child was then transferred to our institution with right upper lobe emphysema and a nodular 


RES. VOL. / TOTAL LUNG CAPACITY 


TOTAL LUNG CAPACITY 
MAXIMUM BREATHING CAPACITY 


VITAL CAPACITY 


RESIDUAL VOLUME 




















LUNG VOLUMES C.L. 12 yr -32 kg - 143 cm-1.15 m? 


oO ASSUMED AS NORMAL 
PRE - OPERATIVE 
BB Post-operative 


Chart 1. 


parenchymal lesion. Roentgenograms taken during expiration showed marked anterior 
herniation to the left. Bronchograms (Fig. 28) disclosed poor filling of the right upper lobe 
and downward displacement of the middle and lower lebes. Specific chemotherapy was 


o 


continued and a right upper lobectomy was performed on Sept. 30, 1957, after 7 months of 
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treatment. The postoperative course was uncomplicated. The resected lobe was markedly 
emphysematous, fibrotic, and bronchiectatic. There was uniform dilatation of all alveolar 
structures as is seen in congenital lobar emphysema in infancy. Findings of preoperative 
and postoperative functional studies are indicated in Chart 1. 


Comment: This is an example of post-primary chronic obstructive emphy- 
sema. Functional studies, indicating the presence of increased residual volume 
and diminished maximal breathing capacity, were the essential indications for 
surgery. Function was markedly improved after lobectomy. 


Case 13.—H. H., a 12-year-old Negro boy, was well until 1 year prior to admission 
when he developed a left pleural effusion. He was admitted to another hospital where 
thoracentesis was performed. The fluid was negative for acid-fast bacilli on culture. 
Mantoux was strongly positive. Gastric washings were negative on smear but positive 
for acid-fast bacilli on guinea pig inoculation. Chemotherapy was instituted. The child 
improved clinically but the chest roentgenogram was unchanged and he was transferred 
to our institution. Admission roentgenograms of the chest (Fig. 29). revealed a homo- 
geneous density on the left with contraction of the left rib cage and mediastinal displace- 
ment to the right. Steroid therapy was added with subsequent improvement. Three 


H.H.2°20°57 sso. 37-59 


Fig. 29. Fig. 30. 


months later, there was still evidence of pleural thickening and restriction of the left 
rib cage. A roentgenogram, 10 months after admission (Fig. 30), showed continued improve- 
ment. Serial pulmonary function studies demonstrated constantly improving function as 
shown in Table IV. 


TABLE IV. LuNG VOLUMES 
(H.H. NR. 8369-57 ) 








| DETERMINED 
PREDICTED | 12/30/57 | 3/10/58 
Vital capacity (L.) 2.3 1.3 1.6 
Functional residual capacity (L.) 0.9 0.6 0.8 
Residual volume (L.) 0.6 0.3 0.4 
Total lung capacity (L.) ' 2.9 1.8 2.0 
RV/TLC (per cent) 20.0 17.0 20.0 
Maximum breathing capacity (L./min.) 60.0 30.0 50.0 














Comment: This is an example of apparent ‘‘trapped’’ lung following a 
primary pleural effusion. The possibility of decortication was entertained at 
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first. However, physical findings, serial x-ray studies, and fluoroscopic exami- 
nations, as well as functional studies, all indicated continually improving re- 
spiratory function and operation was not considered necessary. 


Case 14.—M. M., a 7-year-old white girl, was admitted because of an increased 
apical density in the right upper lobe. This had first been noted 3 years previously. 
The patient was a diabetic and had had 2 episodes of coma. She improved clinically 
but showed little change in the roentgenographic density after 14 months of chemotherapy. 
Apical and. posterior segmentectomy was done on Oct. 12, 1952. The postoperative course 


was uneventful. Specimen revealed caseous, cavernous disease, positive for acid-fast 
bacilli on smear. 


Comment: This is an example of chronic pulmonary disease complicated 
by diabetes mellitus. It was believed that the prognosis of the patient’s pul- 
monary tuberculosis was affected ddversely by the concomitant diabetes and 
that operation was more strongly indicated. 


Fig. 31. 


Case 15.—L. J., an 11-year-old Negro girl, was admitted with fever, cough, anorexia, 
and weight loss of 2 months’ duration. Mantoux, negative 15 days prior to admission, be- 
came strongly positive on the day of admission. Sputum was negative. X-ray studies (Fig. 
31) disclosed a large homogeneous density in the left upper chest which proved on lateral 
x-ray studies to be in the superior segment of the left lower lobe. Bronchoscopy revealed 
granulation tissue and caseous exudate suggesting an eroding node in the left lower lobe 
orifice. The patient was given specific chemotherapy with improvement. Gastric and bron- 
chial washings were positive for acid-fast bacilli. Left superior segmentectomy was 
performed on May 13, 1953. The immediate postoperative course was uncomplicated. A 
parenchymal infiltrate over the left base was noted a few weeks postoperatively. This 
cleared with chemotherapy. Pathologie findings were those of tuberculosis of lung with 
multiple nodular caseous lesions lined by thin rims of fibrous tissue, bronchiectasis, and 
pulmonary fibrosis. 


Comment: This is an example of a well-doewmented primary disease in 
an older child (11 years). There was x-ray evidence of fairly good clinical 
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response to treatment. Nevertheless, it was believed that the approaching 
menarche and subsequent years of increased stress would influence the prog- 
nosis of a potentially caseous lesion unfavorably. 


DISCUSSION 


In the previous paragraphs the patients have been classified as having 
either reinfection or complicated primary tuberculosis. Chronic or reinfec- 
tion tuberculosis tends to occur in older children. The clinical problems are 
similar to those observed in the treatment of adult patients. The indications 
for operation are commonly those first listed in Table II, Nos. 1 through 4. 
These are generally accepted and need no further comment. 

The same indications apply as well,to a smaller number of patients with 
progressive primary disease. This is prone to occur in the first years of life. 
There is less general agreement in advocating surgery at this time. It is 
known, however, that the prognosis of complicated primary disease is poorest 
in the 0 to 4 age group. Surgery may then be most strongly indicated. 
Twenty per cent of our patients were 2 to 5 years of age. 


In our experience, excisional surgery and thoracic surgery, in general, 
are particularly well tolerated by younger children and infants. Thoracotomy 
results in less trauma to the more pliable chest cage. Ventilation is, there- 
fore, not restricted by pain to the same degree as in older patients. There 


is less difficulty in maintaining a clear airway; lung expansion is usually 
prompt and complete. 

The fifth indication deserves special mention. Marked deposition of 
salcium is characteristic of the healing response in infants and young children 
with progressive primary disease. Conglomerate calcified foci, sometimes re- 
ferred to as ‘‘tuberculoma,’’ may be erroneously regarded as controlled le- 
sions. Excessive calcification may mask active disease (Cases 2 and 6). 

The remaining indications, Nos._6.through 10 (Table II), are more spe- 
cifically related to the lymph node component of the primary complex and 
consequent post-primary complications. They present problems which are 
unique in the pediatric age group. The responsible pathologic factor is 
marked hilar lymphadenopathy—the outstanding characteristic of primary 
disease. 

Endobronchial disease is directly related to hilar lymphadenopathy. 
Hilar lymphadenopathy noted in x-ray studies and endobronchial disease 
observed at bronchoscopy occur concomitantly. Our understanding of the 
causal relationship has been greatly enhanced by serial bronchoscopic studies. 
In a series reported from our clinic in 1952, the incidence of positive findings 
was extremely high. Almost all patients with endobronchial disease had a 
diagnosis of primary tuberculosis. Of the 43 patients with positive endo- 
bronchial findings, 42 presented evidence of obstruction. Thirty-seven had 
segmental or lobar atelectasis; 5 had obstructive emphysema. About 50 per 
cent of the patients with atelectasis had persistent shadows and in about 10 
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per cent bronchial stenosis developed. Hilar lymphadenopathy is most promi- 
nent in patients in the early months and years of life. Although less than 
50 per cent of the patients were under 3 years of age, this age group repre- 
sented about 70 per cent of the observed endobronchial disease. 

Whereas the dreaded complications of primary tuberculosis, namely, 
tuberculous meningitis and miliary tuberculosis, have been controlled with 
the prompt and judicious administration of antibiotics, lymph node tubercu- 
losis and its attendant bronchial complications usually do not have the same 
satisfactory response to antibiotic treatment. 

Acute hilar lymphadenopathy may require emergency surgical interven- 
tion. Thoracotomy and excision or evacuation of nodes seriously compromis- 
ing the airway have been reported. In our experience the need for thoracot- 
omy has not presented itself. Acute respiratory symptoms may also result 
from erosion and spillage of caseous nodes in the bronchial lumen. Bron- 
chosecopic aspiration is then the most commonly indicated emergency treat- 
ment. Aspiration of caseous contents and removal of obstructing granulation 
tissue have been performed in many of our patients. More recently there 
has been an improved response in the treatment of acute lymphadenopathy 
and related endobronchitis with the combined use of antibiotics and steroid 
therapy (Case 7). 

Thoracotomy for excision of nodes is also recommended by some authors 
as a prophylactic measure in asymptomatic patients with x-ray evidence of 
persistent bronchial obstruction, either atelectasis or emphysema. This prac- 
tice does not seem justified since only a few of these patients will have per- 
manent damage requiring excisional surgery. 

The late effects of hilar lymphadenopathy, namely, bronchiectasis, with 
or without bronchial stenosis, and persistent atelectasis are more pertinent 
in the discussion of our cases. 

Bronchiectasis and persistent atelectasis are closely related problems. 
Bronchographie examination of atelectatic lung will in most instances reveal 
bronchiectasis. In symptomatic bronchiectasis, recurrent infection and he- 
moptysis are common indications for operation. Infection may be specific 
but is more commonly secondary nonspecific in nature. Differential diag- 
nosis is frequently difficult. In clinically quiescent disease, tubercle bacilli 
are occasionally found if adequately sought for. Active disease is sometimes 
an unexpected finding in resected specimens when preoperative bacteriologic 
examinations have been consistently negative. Therefore, latent specific dis- 
ease always remains a possibility. 

In asymptomatic bronchiectasis, especially with atelectasis, functional 
considerations are of paramoynt importance. The involved lung may be use- 
less as ventilating tissue and even detrimental when increasingly greater por- 
tions of parenchyma are affected. Respiratory function studies then provide 
the prime indication for excisional surgery. Elective surgery might be con- 
sidered in a few instances when the nature and location of asymptomatic 
disease indicate a poor prognosis. Middle and lower lobe involvement is 
generally of more serious import. Post-primary~middle lobe bronchiectasis, 
asymptomatic in childhood, is undoubtedly responsible in many instances of 
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adult ‘‘middle lobe’’ syndrome. Upper lobe involvement, often considered 
benign, has also been a source of late complications in a significant number 
of eases (Cases 10 and 11). Improvement in general health has been ob- 
served following resection of asymptomatic post-primary disease. It may then 
be assumed that the diseased tissue represented a focus of infection without 
obvious clinical manifestations. 

Acute obstructive emphysema is observed quite frequently in the acute 
phase of primary lymphadenopathy. Chronic obstructive emphysema is an 
infrequent post-primary complication (Case 12). Respiratory function. studies 
provide again the definite surgical indication. 

Primary pleural effusion resulting in chronic pleuritis and impaired pul- 
monary function is frequently cited as an indication for thoracotomy and 
decortication. Decortication has often been done in conjunction with pulmo- 
nary resection, but has not been found necessary as a primary procedure in 
our experience (Case 13). 

Secondary indications.for surgery have been those of sex and age as well 
as the presence of concomitant systemic disease. Diabetes, for example, af- 
feets prognosis adversely and its presence further justifies surgical inter- 
vention. In some instances, factors of age and sex have influenced surgical 
opinion. An increased incidence of relapse has been observed at puberty and 
succeeding years so that resection of questionably stable lesions is advisable 
before the expected period of added stress. 

The late results have been gratifying. In addition to the hospital mor- 
tality previously reported, one patient died of acute nonspecific pneumonitis 
3 years after pneumonectomy for suppurative post-primary bronchiectasis. 
The remaining patients (38) are living and, to the best of our knowledge, are 
free of active disease. 


SUMMARY 


The prognosis of pulmonary tuberculosis in children has been altered 
favorably by the use of specifie chemotherapy and has permitted the con- 
sideration of surgical treatment. Forty patients between 2 and 13 years of 
age were treated with pulmonary resection. The indications for surgery are 
analyzed and illustrative cases are presented. 


The authors are deeply indebted for the advice and cooperation of Dr. Edith M. Lincoln, 
Adjunct Professor of Pediatrics, New York University College of Medicine and former 
Director of the Children’s Chest Unit of the Medical Service of Bellevue Hospital; Dr. 
Margaret H. D. Smith, Associate Professor of Pediatrics, New York University College of 
Medicine and Director of the Children’s Chest Unit of the Medical Service of Bellevue Hospi- 
tal; Dr. John F. Daly, Professor and Chairman, Department of Otolaryngology, New York 
University Post-Graduate Medical School; and Dr. Juan Filler, Assistant Professor of 
Pediatrics, New York University College of Medicine and in charge of the Pediatric Cardio- 
pulmonary Laboratory, Bellevue Hospital. 
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Discussion 


DR. WILLIAM M. LEES, Chicago, Ill—You heard Dr. Fox a few minutes ago con- 
firm the work that was done at a sanatorium 25 miles away from the Municipal Tubercu- 
losis Sanitarium in Chicago, and I am now about to discuss the results at a sanitarium 
900 miles away with almost identical results, and I should like to state that Dr. Fischer 
did not bribe me to makes these comments. 

We are happily surprised that their problems and results are identical with ours. 
We, too, have had 40 resections in children, 8 of these prior to 1953. None of these 8 
received isoniazid. Since that time, all of the children received isoniazid, and there were 
neither major complications nor deaths in this group. We had deaths in the early group 
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of children, one of cardiae asystole just as the hilar dissection was begun; one following 
a pneumonectomy in a teenage girl who had a massive spread of disease to the remaining 
lung. 

I should like, then, to show two representative cases. 

This slide will demonstrate the chest films of a 12-year-old Negro girl who was ad- 
mitted to our sanitarium with pneumonic disease (slide), as you see in the left upper slide. 
The slide on the right shows the ultimately destroyed left lung. A pneumonectomy was 
performed on this patient in June of 1950. There was a minor spread in the right upper 
lobe which cleared on chemotherapy. She is now married and has a child. 

The next slide demonstrates a patient very similar to the one Dr. Fischer demon- 
strated. This is of a youngster 19 months of age who had a left upper lobe pneumonic 
lesion which partly cleared to leave a solid appearing 3 cm. nodular lesion which had an 
eggshell consistency at the time of the apical posterior segmentectomy. This proved to 
be a 2.5 em. cavitary lesion from which caseous. debris shelled out readily. 

I therefore should like to completely confirm what Dr. Fischer said, and I would 
like to summarize our impressions as follows: (1) we believe children withstand this 
surgery quite well; (2) they are more alert; (3) they are less sensitive to pain post- 
operatively; (4) they cough better; (5) handle their secretions better; (6) they take 
anesthesia much better than some of the adult patients we have had; (7) they are more 
quickly and more vigorously ambulatory after operation; (8) their recovery period is 
much shorter, and (9) the resiliency of the infant’s and young child’s lung is such that 
we have not encountered any space problems. We therefore completely agree with what 
Dr. Fischer has told you. 


DR. FRANCIS H. COLE, Memphis, Tenn.—I would like to report in from further 
south, Memphis, Tennessee, where we also have had a similar experience to that reported 
by Dr. Fischer. We have had the opportunity as well to operate, with very gratifying 
results, upon one child who was in acute respiratory distress from mediastinal lymphade- 
nopathy. 

In our children we have had 49 operations in 43 patients. One of the patients is 
dead; the others are all alive and have no evidence of residual disease. 


DR. CONSTANTIN G. CHARONIS, Baltimore, Md.—I too would like to compliment 
Dr. Fischer for his fine work. I arise merely to pose one question which can be con- 
sidered a free consultation requested by a Resident in Thoracic Surgery. 

Did you encounter severe mediastinal shifting accompanying a persistent dry pleural 
space following pneumonectomy in children or adolescents? 

Two teenagers among our young patients developed this complication following 
pneumonectomy. Repeated regulations of the intrathoracic pressure have been necessary 
since. In 1 of these 2 patients, phreniclasia was done a few months postoperatively with 
rather poor results concerning the mediastinal shifting. We have employed the Wilms- 
Saurbruch thoracoplasty only in adult patients developing the above complication, with 
satisfactory results. 

Can you please comment on the treatment of the above complication in children 
and adolescents? 


DR. FISCHER (Closing).—I wish to thank the discussers. 

I would reiterate what Dr. Lees said in regard to postoperative complications. In 
general, children tolerate thoracic surgery exceedingly well and have less postoperative 
difficulty than adults. Thoracotomy results in less trauma to the more pliable chest wall 
of younger patients. They, therefore, experience less chest wall pain and do not have 
as much difficulty maintaining a clear airway postoperatively. Complications are there- 
fore relatively infrequent. 

In regard to Dr. Charonis’ question concerning mediastinal shift, we have not used 
thoracoplasty after either partial or total resection. The pneumonectomy patients do not 
have clinical evidence of impaired pulmonary function. In those who have had post- 
operative respiratory studies the observed function may be as high as 80 per cent of the 
predicted normal. 
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PERSISTENT pleural air space following resection for pulmonary tuberculosis 

has been encountered more frequently in recent years. Many of these 
spaces are completely benign while others become a serious postoperative com- 
plication and occasionally may result in death. Since the persistent air space 
is potentially hazardous, various procedures such as preoperative or concomitant 
thoracoplasty, ‘‘lung reconstitution,’’* ‘‘pleural tent,’’® ‘‘diaphragmatie ad- 
vanecement,’”® ete., have been advocated to prevent its occurrence. However, 
universal acceptance of any one of these procedures has not occurred indicating 
that the problem is as yet unsolved. 

A review of this complication following pulmonary resection has been ear- 
ried out at the Chicago Municipal Tuberculosis Sanitarium in an attempt to 
elucidate some of the factors concerned with its development and control. Also, 
clinical guides were sought for the early differentiation between the benign space 
and the potentially hazardous one. 


METHOD OF STUDY 


The postoperative roentgenograms of all tuberculous patients undergoing 
pulmonary resection, except pneumonectomy, from Jan. 1, 1955, through Dee. 
31, 1957, were reviewed. Any air space persisting 2 weeks or longer after the 
operation or requiring additional active therapy other than the chest drainage 
employed routinely following surgery was included in the study. The elinieal 
records of these patients were then reviewed and all pertinent data were tabu- 
lated. One- to 3-year surgical follow-up examinations were made. 

The pulmonary resections were classified into four groups: subsegmental 
resection (wedge), segmentectomy, lobectomy, and lobectomy plus ‘additional 
resection of adjacent lung tissue. Each was accomplished through a standard 
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posterolateral thoracotomy incision. The Lees wedge clamps were utilized for 
the subsegmental resection and the cut surface of the lung was closed with run- 
ning sutures. The segmentectomies and lobectomies were accomplished by the 
standard hilar dissection and individual ligation technique. The raw surfaces of 
the lung when present were left open. The bronchial stump was closed with in- 
terrupted fine silk sutures. . A pleural flap was used to cover the stump routinely 
when a lobectomy was performed and occasionally with segmentectomy.. Drain- 
age of the pleural space was routinely carried out with two large intercostal 
catheters attached to water-seal bottles. Immediate or late suction was employed 
in almost all cases. The chest tubes were removed when the drainage was less 
than 50 ¢.c. per 24 hours and an air leak was no longer present. Postoperative 
chest roentgenograms were taken at frequent intervals. 


. 
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Fig. 1.—Incidence of persistent pleural air spaces following resection for pulmonary tubercu- 
losis. 


RESULTS 


Incidence.—During the 3-year period of study, 584 resections (other than 
pneumonectomies) were performed. Of these, 157 were subsegmental resections, 
177 were segmentectomies, 195 were lobectomies, and 55 were classified as lobee- 
tomies plus additional resection of adjacent lung (wedge, segment, or lobe). 
The review of the postoperative chest roentgenograms in, each revealed the oc- 
currence of 128 (21.9 per cent) persistent pleural air spaces. 

Fifteen (9.5 per cent) of the spaces followed wedge resection, 57 (32.2 per 
cent) followed segmentectomy, 42 (21.5 per cent) occurred after lobectomy, and 
14 (25.4 per cent) were seen after resection of a lobe or more (Fig. 1). 

With the exception of those air spaces following lobectomy, the air spaces 
occurred with approximately equal frequency on the right and left sides. In the 
lobectomy group, 37 persistent air spaces were seen after 134 resections on the 
right and only 5 spaces after 61 resections on the left. 
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The 128 air spaces occurred in 125 individuals. The youngest was 15 years 
of age and the eldest 58, with the majority of individuals being in the third and 
fourth decades. Seventy-four were women and 51 were men. Eighty-five pa- 
tients were Caucasians, 39 were Negroes, and 1 was of Oriental descent. 


Clinical Classification of Space—tIn reviewing the records it seemed advisa- 
ble to classify each space into one of two groups: symptomatic or asymptomatic. 
The asymptomatic group included each air space in which the clinical course of 
the patient was unaffected by its presence with respect to symptomatology 
or clinical well-being. The symptomatic group included the air spaces which 
were judged to be the cause of postoperative symptoms such as pain, dyspnea, 
hemoptysis, fever, or continued air leak, and required operative intervention of 
varying magnitude for the control of the complications. 


Symptomatic Asymptomatic 
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Fig. 2.—Incidence of symptomatic and asymptomatic pleural air spaces. 


Utilizing these criteria, 86 (67.1 per cent) of the 128 air spaces were deter- 
mined to be asymptomatic, and 42 (32.9 per cent) were classified as sympto- 
matic. The incidence of the asymptomatic and symptomatic spaces in the four 
types of resection is seen in Fig. 2. It is to be noted that as the magnitude of 
the resection increased the percentage of symptomatic spaces likewise increased. 


Preoperative Status—All patients in both the asymptomatie and sympto- 
matie group were judged to have reached clinical and roentgenographiec sta- 
bility of their disease process. Each had received streptomycin, para-amino- 
salieylie acid, and isoniazid for 4 months or more prior to the surgical inter- 
vention. The sputum was_positive in 4 patients who developed asymptomatic 
spaces and in 10 patients who developed symptomatic spaces. Acute endobron- 
chitis previously had been present in 11 of the asymptomatie group and in 8 
of the symptomatic group. However, tuberculous endobronchitis was discovered 


in the cut surface of the bronchus in the resected specimen in 3 of the latter 
group. Diaphragmatic paralysis due to previous phrenic nerve operation was 
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present in 2 of the patients and a thoracoplasty was present in 4 patients in 
the symptomatic group; in each of the latter the indication for resection was 
failure of the thoracoplasty to control the patient’s disease. 

At the time of surgery, a phrenic crush was utilized 3 times and one con- 
comitant thoracoplasty was performed. No other methods to reduce the size of 
the pleural space were carried out at the time of operation. 


Symptomatology and Complications—By definition, demonstrable symp- 
tomatology and complications were absent in the 86 instances of asymptomatic 
air space. Eighty-three of these became apparent on the chest roentgenograms 
during the first postoperative week and the remaining 3 became evident during 
the second week. 

This is in contrast to the symptomatic spaces. Only.27 of these 42‘appeared 
during the first week, 12 were first recognized during the second week, and the 
remaining 3 were not demonstrable until the third postoperative week. One or 
more symptoms or signs, interpreted as being related to the persistent air space, 
were present in each of the 42 patients. These were prolonged temperature 
elevation or septic type of temperature course in 26; irritative cough productive 
of blood-streaked, frankly bloody, or purulent sputum in 23; continuous air 
leak in 13; a sensation of pressure or tightness in the chest in 11; dyspnea in 2; 
and the early roentgenologic appearance of a fluid level in the air space in 2 
patients. 

The complications that occurred (Table I) were bronchopleural fistula with 
empyema in 15 patients, bronchopleural fistula without overt empyema in 3, 
and empyema alone in 3. A partial pneumothorax occurred in 9 patients after 
previous complete expansion of the lung and a tension pneumothorax developed 
in 1 patient. A persistent peripheral air leak (alveolar pleural fistula) was 
present in 8 patients and ‘‘pseudocavity’’* developed in the remaining patient. 


TABLE I 








COMPLICATIONS OF SYMPTOMATIC AIR SPAOES 


Bronchopleural fistula 
Delayed pneumothorax 
Persistent peripheral air leaks 
Empyema 

Tension pneumothorax 

‘* Pseudocavity’’ 








Treatment.—In any patient who appeared to demonstrate slow or poor 
re-expansion of the remaining lung on the operative side, a pneumoperitoneum 
was routinely instituted early in the postoperative period. Consequently, this 
procedure has not been considered as an additional therapeutic measure in the 
present study. Despite the eventually proved benignity of the asymptomatic 
space, active treatment to obliterate the space was occasionally carried out 
Needle aspiration was performed in 5 patients and a tube thoracostomy with: 
water-seal drainage was likewise carried out in 5. A phrenic crush was don 
in 1 patient. 

The treatment of the symptomatic spaces, on the other hand, involved many 
procedures and often taxed the ingenuity of the surgical staff. In those patients 
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iaving a delayed pneumothorax or a persistent peripheral alveolar leak, aspira- 
ion or a closed tube thoracostomy generally was sufficient. However, in the 
vatients with a large caliber leak (bronchial leak), multiple procedures were 
‘requently necessary. A total of 71 procedures (Fig. 3), including multiple 
ispiration, closed tube thoracostomy, thoracoplasty (extraperiosteal plombage, 
onventional or Schede), open drainage, secondary bronchial closure, additional, 
resectional surgery, and silver nitrate cauterization of the bronchial fistula, was 
‘arried out in 41 patients. In the remaining patient, a small bronchopleural 
istula healed without operative intervention. 


13 


Thoracoplasty Completion - Resection 


25 ; 1 
Plombage 17, Conventional 5, Miscellaneous Procedures 4 
Schede 1 


Fig. 3.—Procedures required for control of symptomatic air spaces in 41 patients. 


Clinical Results—The hospital and post-discharge course of the patients 
with the asymptomatic air spaces was satisfactory in all. The disappearance 
of the air space took place during the first to the ninth postoperative month 

Table II). Generally, a gradual diminution of the size of the air space was 
een in successive roentgenograms until complete disappearance occurred (Fig. 
!). Oceasionally a coneomitant thickening of the apical pleural cap was seen 
‘uring this period (Fig. 5). 


In the 42 individuals with the symptomatic spaces the eventual outcome 
was satisfactory in 38 patients (Fig. 6 and Fig. 7), unsatisfactory in 1 (per- 
\:stent bronchopleural fistula), and death in 3 patients. Each of these patients 
‘ied of the complication of a bronchopleural fistula. ‘Pwo succumbed in the first 
| ostoperative month as a result of insufficient pulmonary reserve. The third 
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patient died 33 months after her original procedure. She had undergone a 
closed tube thoracostomy, thoracoplasty with a wax plombage, an open drainage, 
and a conversion to a conventional thoracoplasty in an attempt to close the 


Fig. 4.—Asymptomatic air space following left apicoposterior segmentectomy. 

A, Preoperative chest roentgenogram. (Sept. 4, 1956.) 

B, Air space present 19 days postoperatively. (Sept. 24, 1956.) 

Cc, Air space has shown gradual decrease in size; no active treatment. (Nov. 13, 
D, Complete disappearance. (May 22, 1957.) 


1956.) 


TABLE II. TIME Or DISAPPEARANCE OF AIR SPACES* 





~ SYMPTOMATIC 


‘MONTH | 


~ ASYMPTOMATIC 


1 12 10 

2 26 11 
15 6 
12 

: 6 

¢ (3 

7-12 ‘ 

Over 13 0 

Unknown 1 


e 


~ *Excluding three deaths. 
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fistula. As a last resort to contral the fistula, a right pneumonectomy was per- 
formed and the patient succumbed in the first 24 hours of hemorrhagic diathesis. 

In the 38 patients, in whom the result was eventually satisfactory, oblitera- 
tion of the symptomatic space was accomplished during the first to the eighth 
month in 37 and by the fourteenth month in the remaining patient (Table II). 


Fig. 5.—Asymptomatiec air space following right upper lobectomy plus superior segmen- 
tectomy. 

A, Preoperative chest roentgenogram. (June 15, 1955.) 

B, Persistent air space present 28 days postoperatively. Pneumoperitoneum present. 
(April 25, 1957.) 

C, Patient remained asymptomatic with slow disappearance of air space with no active 
treatment. (June 3, 1957.) 

D, Final complete re-expansion (note small apical cap). (Oct. 7, 1957.) 

- 


DISCUSSION 


In reviewing postoperative problems in resectional surgery for tubereulosis 
prior to 1952 and those of nontubereulous patients, we find no similar incidence 
of persistent peripheral air leaks and pleural air spaces as seen in the tubereu- 
ious patient today. In analyzing the possible factors’ which might explain this 
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diserepaney, a comparison of the morphologic pattern of the resected tubercu- 
lous tissue of recent years with that of specimens of earlier years.and that of 
nontuberculous lungs may be helpful. Such a comparison’ shows that there had 
been a definite change in the fibrous and elastic tissue pattern in the tubercu- 
lous lung recently. There is a diffuse increase in fibrous tissue in the perivasecu- 
lar and septal spaces; and in the regions where necrosis has occurred, fibrous 


Fig. 6.—Symptomatic pleural air space following right upper lobectomy. 
A, Preoperative chest roentgenogram.(June.15, 1955.) 
B, Complete re-expansion with tube still in place. (June 23, 1955.) 
C, Delayed pneumothorax. (June 28, 1955.) 
- seek — re-expansion following closed tube thoracostomy. Apical cap present. (Sept. 
5 a. 


proliferation has taken place earlier and more extensively than a few years ago. 
Even in portions of the lung apparently uninvolved in the tuberculous process, 
as determined by roentgenographic or palpatory examination, one finds vary- 
ing degree of similar interstitial fibrous proliferation. These changes have 
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been noted by others* * * and it has been speculated that the use of antimicro- 
bial agents has been the responsible factor. Isoniazid especially has been sus- 
pected in this regard. Irrespective of its cause, however, this fibrosis with the 
resulting interference with the normal elasticity and resilience of the lung tissue 


Fig. 7.—Symptomatic air space following left upper lobectomy and wedge resection of 
superior segment, left lower lobe. 

A, Preoperative chest roentgenogram. (Aug. 27, 1956.) 

B, Symptomatic air space (chills and fever). Closed tube thoracostomy has been per- 
formed. (Sept. 10, 1956.) 

C, Failure of re-expansion with suction drainage. Bronchopleural fistula present. (Sept. 
24, 1956.) 

D, Obliteration of space following thoracoplasty with extraperiosteal paraffin plombage. 
(Nov. 9, 1956.) 


° 2 *- . 2 e e » e 

may explain the frequeney and persistence of peripheral air leaks following 
resectional procedures. The persistence of such leaks is unquestionably the 
major cause of failure of the lung to re-expand with the resultant pleural air 


space. 


In addition to such a true peripheral ‘‘alveolar leak,’’ a continuous or at 
least intermittent leakage of air from the bronchial“system per se may oceur. 
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This may either be from a true bronchial fistula due to inadequate healing of 
the bronchial stump or leakage from a thin-walled, dilated (bronchiectatic), 
peripheral, bronchial radical injured during removal of an adjacent segment or 
lobe. Either may be implicated in some of the patients as the cause of the per- 
sistent space. The bronchial fistula is an often-discussed hazard in resectional 
surgery and has been reduced to a minimum incidence of 3 to 5 per cent using 
currently accepted techniques. In the present series it was 3.1 per cent. Though 
these accounted for 14 per cent of the space problems and were the cause of 
the major morbidity and the only fatalities in the present series, a detailed 
discussion of this problem is not our purpose at this time. 

The more peripheral bronchial and alveolar leaks are the ones that seem to 
be the factors causing the current increase in space problems. The relatively 
high incidence following segmentectomy (32.2 per cent) would indicate that 
intersegmental stripping produces a raw surface with many air leaks. The 
similar high incidence following right upper lobectomy (27.6 per cent) in con- 
trast to left upper lobectomy (8.1 per cent) would seem to bear out this con- 
clusion, inasmuch as the right upper lobe is so frequently fused to the middle 
lobe and requires extensive stripping during removal. Closure of these raw sur- 
faces by such techniques as ‘‘lung reconstitution,’’? as advocated by Bell,’ is 
appealing as a potential solution but has not been successful in our hands. 
When persistent air leak from the raw surface occurs, achieving prompt re- 
expansion of the lung and obliteration of the pleural space is mandatory. 
Whether this is accomplished by vigorous suction alone or by concomitant 
reduction of the size of the pleural space must be left to the preference of the 
surgeon. Although the use of pleural tents, concomitant thoracoplasty, and 
other methods may be of some benefit we have used them infrequently. It 
appears from the above observations that the persistent air space will continue 
to be encountered and thus a rational plan of treatment must be evolved. 

In the management of the postoperative air space, it would be of considera- 
ble help to the surgeon to be able to predict with relative certainty which space 
will disappear without active treatment and which will need some form of 
operative intervention. Early recognition and vigorous management of the lat- 
ter might greatly shorten the convalescence, prevent major morbidity or even 
death, and possibly minimize any additional ventilatory function loss. Any 
air space occurring in a patient with a positive sputum or which reveals histo- 
logic tuberculous endobronchitis of the cut end of the resected bronchus is 
potentially dangerous. Also, the greater the extent of resection the more sus- 
piciously must a persistent space be viewed. Prolonged fever, persistent bub- 
bling from the drainage tubes, continued bloody or purulent expectoration, and 
especially roentgenographie appearance of the space later than the first week, 
or an air fluid level in the space connote trouble impending or already present. 
Any of these indicate the need for prompt institution of appropriate therapy. 
Lacking any of the above, a course of watchful waiting can be pursued with 
relative confidence of a successful disappearance of the space without complica- 
tion. ’ 
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When active treatment is indicated, although individualization must be 
applied, a routine series of procedures is followed in most cases. In the first 2 
or 3 days postoperatively, if re-expansion is not satisfactory, a pneumoperi- 
toneum is instituted or, if one was present preoperatively, refills are begun and 
continued until re-expansion is complete. If the air space persists and becomes 
symptomatic or appears after the removal of the drainage tubes, needle aspira- 
tion of the space is performed and pressure measurements are made. If a 
negative pressure cannot be maintained with aspiration, then a closed tube 
thoracostomy is performed and continuous suction is applied. 

If the air leak still persists and re-expansion does not occur, the intercostal 
tube is usually removed and the space is then collapsed by means of a thoraco- 
plasty. If no empyema is suspected and the parietal pleura and extraperiosteal 
tissue layer are intact, a paraffin plomb is inserted at the time of thoraco- 
plasty.* 1° However, when infection is suspected (or present), a conventional 
thoracoplasty of the Alexander type is utilized, performed usually in a single 
stage. The latter is done also if the fascial and pleural partition is not intact. 
Only rarely has a thoracoplasty been done with a drainage tube in place. A 
secondary thoracotomy for closure of the leak or for a completion resection has 
been done infrequently in our group of patients. 

Prophylaxis is, of course, the best management, and in reviewing the prob- 
lem one is able to make only a few basic conclusions. Care in handling the 
bronchial stump, with adequate covering of the sutured stump with pleural or 
adjacent tissue whenever possible, is universally recognized as important. Care- 
ful dissection in the intersegmental or interlobar plane with closure of any 
major leaks at the time of stripping is mandatory. Preoperative or concomitant 
reduction of the size of the pleural space, although attractive, is not always 
feasible and prediction as to which patient is going to have a space problem is 
rarely possible. Perhaps the use of preoperative bronchography in the patient 
with tuberculosis might aid in avoiding the inadvertent retention of, and possi- 
ble injury to, an adjacent bronchiectatic segment during resection. Even more 
fruitful might be the addition of a drug (corticosteroids) to the present anti- 
microbial therapy to reduce the amount of interstitial fibrosis seen in the treated 
tuberculous lung at the present time. 


SUMMARY 


1. A review of 584 pulmonary resections (exclusive of pneumonectomy) 
for tuberculosis revealed an incidence of 128 (21.9 per cent) persistent pleural 
air spaces postoperatively. 

2. The incidence was highest. following segmentectomy and lowest follow- 
ing a wedge resection. 

3. Of the persistent air spaces, 86 (67.1 per cent) were asymptomatic and 
42 (32.9 per cent) were symptomatic. 

4. The asymptomatic space was benign with respect to the patient’s course 
whereas the symptomatic space proved hazardous and accounted for complica- 
tions of varying severity in the 42 patients, with eventual death of 3. 
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5. The greater the magnitude of the resectional procedure, the higher was 
the incidence of the symptomatic space. 


6. Active treatment was not required in the asymptomatic space but mul- 
tiple procedures were necessary to control the symptomatic space. 


7. It is suggested that the peripheral air leak is the major offender in the 
etiology of the postoperative pleural air space and that the fibrosis now seen in 
the treated tuberculous lung may be a factor in its cause. 


8. Early recognition and appropriate treatment of the patient with a 
symptomatic space will prevent more serious complications. 
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DIscUSSION 


DR. JOHN W. BELL, Seattle, Wash—I wish to compliment Dr. Shields and his 
group for this very interesting study on the postresection space. Certainly this continues to 
be an important problem. Any complication which contributes to a mortality of 3 to 
5 per cent is very significant. 

I think it should be emphasized that nearly three quarters of his cases were treated 
by conservative measures. 

We have been interested in this problem of postresection spaces for several years and, 
in general, our concept of the etiology of the space is similar to Dr. Shields’ in that if 
the residual lung is unable to fill the postresection space, such a problem will result. 

We have found that serial monometry is valuable in following some of these asympto- 
matic spaces. We get rather jittery in determining whether a space will resolve or not, 
and by aspirating the space and determining the pressure at intervals it has helped us to 
determine whether or not a thoracoplasty or intubation is indicated. 

Most of the spaces which resolve spontaneously will maintain a neutral or negative 
pressure, whereas a space that shows positive pressure or reaccumulates fluid is probably 
a dangerous space, and it is usually the latter type that requires a postresection thoracoplasty. 


DR. LAWRENCE H. STRUG, New Orleans, La.—This problem has also plagued us 
in the deep South. We have focused our attention on a prophylactic therapeutic procedure 
in attempting to eliminate the troublesome residual apical air space following lobectomy 
or lesser procedures. 

We have used preoperative pneumoperitoneum in a large number of selected cases 
on our combined services at Charity Hospital, and the Veterans Hospital of New Orleans, 
during the past 4 years. We have been pleased with a marked decrease in the residual 
air space following the institution of this procedure. Pneumoperitoneum is commenced 
approximately a week or 2 prior to surgery and continued for at least 6 to 8 weeks post- 
operatively, and in the second and third categories as illustrated by Dr. Shields it has been 
extremely helpful. 

It is obvious that when a major bronchial leak occurs, the space will become infected. 
As a whole we have been extremely satisfied with this procedure and feel that it is an 
additional procedure which can be utilized to probably eliminate many probiems of the 
residual apical air space. 


DR. EDWARD F. PARKER, Charleston, S. C..—We would like to mention one addi- 
tional method of treatment which we have used with success and which we believe is 
clearly indicated in a few cases. When there is an obvious disruption of the bronchial 
suture line manifested by fever, dyspnea—what one might call an internal open pneumo- 
thorax—and a cough with sputum consisting of fluid obviously coming from the pleural 
space, in such an instance we do not believe in trocar thoracotomy with closed drainage, 
but rather with open thoracotomy and re-repair of the open bronchus. We have had the 
misfortune of having to do this several times, but it is certainly the most effective method 
f treatment we have had so far. ~ 

Second, when that is not done as a primary procedure, and trocar thoracotomy 
3 done without closure of the fistula and without expansion of the lung, and therefore 
horacoplasty becomes indicated, we believe that if there is only a one-stage thoracoplasty 
ecessary, the pleura should be opened at the same time and the bronchus closed surgically, 
ither than relying on the thoracoplasty alone to close it. If there is more than one stage 
wr the thoracoplasty necessary, we open the pleural cavity at the last stage to effect the 
losure of the bronchus, which we think is extremely important for permanent success. 
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DR. JAMES E. DAILEY, Houston, Texas—It might be mentioned that in order 
to facilitate the rapid obliteration of large residual pleural spaces and particularly when 
segmental or wedge resections are done, we have found it handy to initiate a pneumo- 
peritoneum concomitant with the surgical procedure. In the East Texas Tuberculosis 
Hospital, Tyler, Texas, ¢: the end of the operation and before closing the chest, we insert 
a small catheter directly through the diaphragm and with a large syringe and a three-way 
stopcock inject 1,000 to 2,000 c.c. of air into the abdominal cavity, thus elevating the 
diaphragm. The small incision is then closed by suture. Usually, no additional refills are 
necessary. 


DR. SHIELDS (Closing).—I wish to thank Dr. Bell for his kind comments. 
We agree completely that the appearance of fluid in these spaces is an ominous sign and 
prompt institution of definitive therapy is indicated. 

We did serial monometry early in our experience but have gotten away from it in 
the asymptomatic patient. Personally, I believe that the fewer needles put in these 
patients the fewer complications they are going to have. 

In regard to pneumoperitoneum, we use it almost routinely; we are practically one 
of the few institutions in the country that use it extensively—preoperatively as well as 
postoperatively. If you recall the chest roentgenograms, it was present on most of the 
slides. Therefore, we don’t indicate this as one of our major forms of therapy in this 
group of patients. If it is not present it is instituted early (during the first week) in 
any patient in which lung re-expansion appears to be slow and we don’t want to wait for a 
2-week period. We don’t as a rule, however, induce it at the time of operation. 


So far as direct repair of a bronchial stump fistula, we don’t believe this is a good 
policy as a routine. I think that if the stump should break down early in the post- 
operative course, i.e., in the first several days, then re-exploration and primary repair might 


be indicated. However, one should look at the histologic slides to see whether or not 
tuberculosis endobronchitis is present, and, if it is, I think primary repair would be a 
very dangerous thing to do. 

As to opening into the empyema space at the time of a thoracoplasty, this is very 
unappealing to us. In doing so you open up the subscapular space to infection. 

Most of the overt bronchial pleural fistulas with empyema in our experience have been 
ot the mixed variety and we have employed drainage and subsequent thoracoplasty for 
their control. 

In closing, I wish to thank the diseussers for their comments. 





TRANSTHORACIC REPAIR OF ESOPHAGEAL HIATUS HERNIA: 
EVALUATION OF 200 CONSECUTIVE CASES 


Laurence K. Groves, M.D., William V. Martinez, M.D.,* and 
Donald B. Effler, M.D., Cleveland, Ohio 


Heenes of the stomach through the esophageal hiatus occurs frequently; 
in fact, the incidence of this diagnosis rivals that of inguinal hernia. The 
symptoms of esophageal hiatus hernia may be alleviated by medical treatment; 
however, as with other abdominal hernias, the basic problem is anatomic—the 
protrusion of abdominal contents through a defect in the abdominal wall—and 
definitive therapy entails surgical treatment. 

In considering surgery for such a common condition, it is extremely im- 
portant to know what risks are entailed, the probable effectiveness of the 
surgical treatment, and which patients with esophageal hiatus hernia should 
be advised to undergo surgery. This paper presents a study undertaken to 
answer these questions; it is based on our experience with 200 consecutive pa- 
tients who were surgically treated for this lesion. 


MATERIAL AND METHOD 


For the purpose of evaluating selection of candidates and the respective 
postsurgical results, the charts were analyzed of 200 consecutive patients who 
underwent transthoracic repair of esophageal hiatus hernias in the 6-year period 
from 1951 through 1956. A large additional group of patients were operated 
upon, both before and since the time chosen for the survey, but this period was 
selected because: (1) our surgical technique has undergone evolutionary im- 
provement and in retrospect we are relatively unsatisfied with earlier operations, 
and (2) more recent cases had insufficient follow-up. This report is from a 
‘thoracic surgical service and includes only eases in which the operation was 
‘rom this approach. Undoubtedly a satisfactory repair can be done through a 
aparotomy; however, in recent years the number of operations done from the 
ibdominal approach at this institution has decreased steadily, probably indi- 
‘ating that surgeons have become relatively dissatisfied with it. 
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TECHNICAL CONSIDERATIONS 


It is our belief that the effective repair of a hiatus hernia involves more 
than mere reduction of the hernia and snugging-up of the hiatus about the 
terminal esophagus—a type of repair that is fraught with a high incidence of 
recurrent herniation. Many factors such as vomiting and straining in the post- 
anesthetic period may elevate intraabdominal pressure and force the stomach 
back up through even a very small hiatus. The placing of sutures from the 
margins of the hiatus into the friable esophageal musculature does not adequately 
protect against this hazard. Allison’ has emphasized that the esophagogastric 
junction must be well fixed with sutures below the esophageal hiatus. His 
demonstration of the use of the phrenoesophageal ligament for this purpose was 
an important contribution, despite the niany physicians who believe that this 
ligament is a rather nebulous structure. 

In the repair that we have been using, the free peritoneal cavity is entered 
by cireumferentially incising into it immediately above the esophageal hiatus 
across the peritonized portion of the thoracic stomach. The upper end of the 
hernial sae, consisting of parietal peritoneum ‘as well as phrenoesophageal liga- 
ment, then retracts to form a cuff that nicely defines the esophagogastric junction 
and holds sutures firmly (Fig. 1). <A ring of figure-of-eight sutures is placed 
deeply into this cuff and some of the underlying musculature (Fig. 2). These 
sutures are brought down through the hiatus and, through stab wounds made 
with a ligature carrier, out to the superior surface of the diaphragm where they 
are tied to mattress sutures placed about the stab wounds to fix the esophago- 
gastric junction below the hiatus (Fig. 3). This maneuver probably is adequate 
for the average hernia; however, our standard procedure includes approximately 
the erura behind the esophagus with nonabsorbable suture material to form a 
snug ring (Fig. 4). 

A rare patient has peptic esophagitis that has resulted in scarring and fixed 
esophageal shortening to such an extent that the esophagogastric junction can- 
not be reduced below the esophageal hiatus. This patient usually has severe 
symptoms. The controversy about the appropriate treatment of such patients 
indicates that no treatment is completely satisfactory. Our practice is to raise 
the esophageal hiatus to the esophagogastric junction by incising upward from 
the normal hiatus toward the dome of the diaphragm, and to transplant the 
esophagus forward to this new and elevated position (Fig. 5). In this fashion, 
considerable deficit in length can be overcome, particularly if the phrenic nerve 
is crushed to elevate the diaphragm maximally.’ 

Within the past year we have had our first experiences in having this 
technique not suffice to overcome the shortening. One patient underwent trans- 
plantation, but died of complications that were directly attributable to the 
excess tension used to accomplish the repair. Another patient was treated solely 
with digital dilatation of the terminal esophagus and a vagotomy. Thus far he 
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has been essentially asymptomatic, and he has required only several office dilata- 
tions; no dietary restrictions or medication have been necessary. <A gastric 
drainage operation has not yet proved necessary. 


[, 
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Fig. 1—The terminal esophagus is being retracted by a rubber tape at the right; the 
diaphragm is being depressed by the sponge stick at the left. With the thoracic stomach 
thus exposed, the peritoneal sac is entered by circumferentially incising down onto the stom- 
ach a short distance above the diaphragm. 
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Fig. 2.—When the peritoneal sac is incised, as described in Fig. 1, the upper cuff of 
the phrenoesophageal ligament and peritoneal sac nicely defines the esophagogastric junction. 
A ring of figure-of-eight sutures is placed rather deeply into this cuff. 

Several of the patients who underwent the transplantation procedure each 
had large, scarified masses about the terminal esophagus, which scarcely 
could be distinguished grossly from neoplasm. 

The conventional esophagogastric resection in this group of patients usually 
as compounded the problem of esophagitis. The mre radical interpositional 
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operations have seemed to be rather drastic for a disease that is benign (benign 
histologically, but not clinically). We have been gratified to see patients who 
had advanced inflammatory changes become free of peptic symptoms after 


Fig. 3.—The ring of sutures is then ontiena down through the esophageal hiatus and, 
through stab wounds made. with a ligature carrier, out to the superior surface of the dia- 
phragm. It is easy to visualize how traction upon this ring of sutures will then fix the 
esophagogastric junction below the esophageal hiatus. 
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Fig. 4.—The previously placed ring of traction sutures has been tied to mattress sutures 
placed about the stab wounds in the diaphragm. The crura are then approximated behind the 
esophageal hiatus to give a snug closure. 


undergoing the conservative operation described above. Under these cireum- 
stances, postoperative dilation of residual strictures has given long-lasting relief 
from dysphagia. The results in 20 cases requiring transplantation, to us, justify 
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continued use of this operative approach. Certainly it seems reasonable to use 
such a conservative operation as a trial before resorting to an extensive re- 
section or an interpositional procedure. 


METHOD OF FOLLOW-UP 


Identical questionnaires were sent to the 200 patients. All of the patients 
were requested to return for examination if possible. The questionnaire was 
worded so as to encourage frank answers. For example, one question asked 
whether or not the patient considered his symptoms 100 per cent improved, and, 
if not, how much improvement there was, expressed in percentage. Another 
question asked whether, if he had to decide again, he would or would not make 


Fig. 5.—Crushing the phrenic nerve allows considerable elevation of the left hemidia- 
phragm. This drawing demonstrates how esophageal shortening can be “overcome’’ by in- 
cising upward from the original hiatus toward the dome of the diaphragm. The hernia repair 
is then performed by the method previously described. 


the same choice, or whether he would have the operation sooner, or would try 
in every way to avoid operation. The same questions were asked of the patients 
who returned for examinations, to maintain a uniform standard of evaluation. 
A patient was considered lost to follow-up if his records were:not complete for 
at least 6 months after hospital discharge. 


SELECTION OF PATIENTS 


The data summarized in this paper refer only to patients who underwent 
surgical correction of hernias; asymptomatic patients were not operated upon. 
For a large majority of patients who have esophageal hiatus hernias the surgical 
correction must be considered elective. Usually, patients have distress of a 
peptic nature for many years without experiencing progressive severity, or 
complications related to the hernia. It has been our policy to explain to such a 
yatient the source of his symptoms, and that the operation should relieve them. 
However, we also point out that the patient himself is the only one who can 
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gauge just how severe his symptoms are, i.e., whether they constitute only a 
nuisance, or whether they are incapacitating. If he believes that he is troubled 
sufficiently to undergo the discomfort and absence from work or other duties 
associated with surgery, he is considered a candidate for surgical treatment. 


The symptoms encountered in this series of patients are presented in Table 
I. A high proportion of. the symptoms are of “peptic” origin, They are as- 
sociated with the presence of acid gastric juice above the diaphragm. Heartburn 
is the most common symptom. Traditionally the peptic symptoms of hiatus 
hernia are blamed on reflux of gastric contents into the terminal esophagus. Ex- 
cept for the patient with short esophagus there is little objective evidence to sup- 
port this concept. We have been impressed, both at surgery and by preoperative 
esophagoscopy, with the innocuous appearance of the esophageal mucosa in the 
majority of our patients. We have attempted to explain the mechanism of pain 
(or the absence of pain) in patients with uncomplicated hiatus hernia on the 
basis of gastritis within the thoracie stomach.‘ Its intensity may vary from mild 
distress to severe pain. The pain differs from that caused by a duodenal: ulcer, 
in that it most frequently oecurs shortly after eating, and the patient is apt to 
feel most comfortable when the stomach is empty. The pain often occurs at 
night, in the horizontal position, which is favorable to retention of gastrie juice 
above the diaphragm. 


TABLE I. SYMPTOMS IN 200 PATIENTS WITH ESOPHAGEAL HIATUS HERNIA 











SYMPTOMS | NUMBER OF PATIENTS 





Heartburn (post cibum; nocturnal) 145 
Epigastric or substernal distress 138 
Dysphagia 65 
Regurgitation 55 
Belching, flatulence, and bloating , 85 
Bleeding 35 
Anorexia 29 
Fullness 20 
Indigestion 10 





Spasm is one of the responses of the esophagus to irritation; hence dys- 
phagia is a common symptom. However, dysphagia caused by spasm must be 
differentiated from that caused by contracture of sear tissue in the terminal 
esophagus. Usually, careful questioning of the patient as to the constancy of 
the difficulty in swallowing will make this differential. Most patients related 
that they sometimes could swallow normally, especially when they were relaxed, 
as on week ends or vacations, when gastric secretion presumably was minimal. 


A lesser group of the symptoms is of mechanical origin. The most common 
of these is a feeling of fullness after meals, which doubtless is related to the 
distention of the thoracic stomach. Occasionally, and usually with large hernias, 
a volvulus at the level of the hiatus may cause a true mechanical obstruction, 
and may even jeopardize the supply of blood to the thoracie stomach. 

A small group of patients had complications of esophageal hiatus hernia 
which made indications for surgery no longer elective and on occasion even 
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emergent. These complications are well understovud and include: (1) signifi- 
eant bleeding, (2) frank peptic ulceration, (3) stricture of the terminal 
esophagus, and (4) mechanical obstruction by volvulus.? 

Bleeding is a serious complication; in the series of 200 patients it was a 
chief indication for surgery in 35 (Table I). Frequently there is a history of 
isolated episodes of minor hematemesis or melena, but these 35 patients either 
had true massive loss of blood from the gastrointestinal tract and required trans- 
fusions, or had such a severe typical blood-loss anemia that prolonged therapy 
either with iron or with transfusions, or both, was necessary as a preparation for 
surgery. 

Patients who have chronic anemia often have no typical symptoms of hiatus 
hernia, but they consult the physician for weakness or other nonspecific 
symptoms associated with anemia. Under these circumstances, having demon- 
strated by the presence of occult blood in the stools a presumptive gastrointes- 
tinal origin of the bleeding, repair of the hernia is undertaken only after exam- 
ination of the entire gastrointestinal tract has disclosed no other potential source 
of bleeding. Only one patient with this type of bleeding has had bleeding since 
surgery. Although it is our policy not to open and to explore the stomach 
during surgery unless a lesion is first palpable, we performed gastrotomy on 
several patients who had chronic bleeding, and the only notable abnormality 
was a hyperemic gastric mucosa which suggested that the loss of blood was due 
to a “weeping” gastritis. 

Massive bleeding, on the other hand, almost invariably comes from frank 
peptie ulceration in the thoracic stomach. The usual site for these ulcers is 
either astride the esophagogastrie junction, or at the level of the esophageal 
hiatus, as a callous ulcer; less frequently they oceur at other sites in the thoracic 
stomach. We believe that peptic ulceration within the thoracic stomach is re- 
lated to the trapping of acid gastric juice therein, and that correction of the 
hernia and restoration of the normal gastrie position and drainage should be 
curative. It has not been necessary to operate on a patient while he was 
actively bleeding, and therefore we have not performed a gastric resection at 
the time of the hernial repair. One peptic ulcer was excised locally for biopsy 
purposes. This approach to the problem has proved effective in all except one 
patient. He had recurrent bleeding and, inasmuch as the stomach was then in 
a normal position, gastric resection was performed in conventional manner. 

The age groups of the patients are summarized in Table II. Hiatus hernia 
is clearly a disease of middle age. Presumably the herniation is related to the 
loss of tone and the stretching of muscular and fascial structures associated 
with the aging process. In this group of patients the incidence among the 
sexes has been about equal: 103 Women and 97 men, 


Although hiatus hernia is a common finding in obese adults, the majority 
of patients in this group were not obese. Furthermore, it is our impression that 
reduction in weight has not been of great symptomatic benefit nor is it always 
easy to attain. Fortunately, obesity is only a minor hindrance to thoracic 
surgery. bs 
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TABLE II, Age RANGE oF 200 Patients WitH ESoPHAGEAL Hiatus HERNIA 








AGE (YEARS) | NUMBER OF PATIENTS 


20-29 3 
30-39 9 
40-49 53 
50-59 61 
60-69 66 
70-79 is 
80-89 x, 
Total 200 








It is difficult to interpret the significance of the duration of symptoms as 
listed in Table III. It is obvious that a number of these patients have grown 
accustomed to their difficulties, and only chronic annoyance or gradual pro- 
gression after a number of years has brought them to the physician. In others, 
the short history suggests recent onset of the hernia and the patient has promptly 
sought relief of symptoms. 


TABLE IIT. DuRATION OF SYMPTOMS IN 200 PATIENTS WITH ESOPHAGEAL HIATUS. HERNIA 








DURATION | . NUMBER OF PATIENTS 





<6 mo. " 43 
6-12 mo. 2% 
1-2 yr. ' 30 
2-4 yr. 27 

>4 yr. 75 
Total 200 





PREVIOUS SURGERY AND COLLATERAL PROBLEMS 
The most common previous surgery in this group of patients was on the 
biliary tract (Table IV). It is difficult to evaluate the results of this surgery 


TABLE IV. PREVIOUS SURGERY OR DILATATION IN SERIES OF 200 PATIENTS TREATED FOR 
ESOPHAGEAL HIATUS HERNIA 








PROCEDURE NUMBER OF PATIENTS 





Biliary surgery 14 
Dilatation 7 
Abdominal repair of hiatus hernia 

Thoracic repair of hiatus hernia 

Vagotomy pyloroplasty 

Heineke-Mikulicz operation 

Phrenic crush 

Multiple operations 


Total 





as it was performed at other institutions; however, the majority of those pa- 
tients stated that cholecystectomy had not improved them, and their current 
symptoms were essentially unchanged from those noted preoperatively. This 
would suggest that though biliary tract disease and hiatus hernia frequently 
coexist, the surgeon should be careful of removing the gall bladder when there 
has not been typical colic and when the symptoms are the peptic type discussed 
previously. In this group of patients one might anticipate a high incidence of 
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asymptomatic gall bladder disease, if it is carefully searched for. Sixteen pa- 
tients had abnormal cholecystograms whereas 61 had normal cholecystograms; 
109 had no cholecystograms taken; the other 14 patients had had previous 
surgery upon the biliary tract. 

Eight patients had previous surgery for hiatus hernias, 5 through the 
abdominal and 3 through the.transthoracie route. At reoperation, save for 
evidences of adhesions and old suture material in the operative field, it was 
without exception impossible to distinguish these hernias from “virgin” cases. 

Seven patients had undergone previous dilatations. It is our belief that if 
a patient with hiatus hernia needs dilatations, he should have a definitive 
surgical repair. The stricture or spasm of the terminal esophagus is a response 
to the reflux of acid gastrie juice. Rational therapy would seem to entail re- 
duction of the hernia, which will end this reflux, and thus remove the basic source 
of the dysphagia. Unless this is done, a perpetual program of dilatation is apt 
to be necessary. 

The patient who required repair of a hernia following a Heineke-Mikulicz 
esophagogastroplasty warrants a comment. If this particular operation can be 
avoided at the esophagogastrie junction it is our opinion that it should not be 
used. Not only does it promote a mechanically incompetent esophagogastric 
sphineter and resultant esophagitis but also the shortening caused by the trans- 
verse closure of a vertical incision, of itself, tends to produce an esophageal 
hiatus hernia. It has been our recent experience that, in those rare patients in 
whom technical considerations necessitate this type of reconstruction, if a careful 
effort is made to reduce the entire region of reconstruction, below the esophag- 
eal hiatus, the resultant pinching caused by passage of the esophagus through a 
snug hiatus and the associated angulation will preclude esophagitis due to re- 
gurgitation. ; 

The differential diagnosis of gall bladder disease and esophageal hiatus 
hernia already has been diseussed. A similar problem arises in differentiating 
between esophageal hiatus hernia and organic heart disease, particularly angina 
pectoris, To take the history carefully is most important, the key points being 
the relation of distress to effort, as opposed to the occurrence of distress after 
eating and at night while at rest. Certainly both conditions may produce types 
of distress that ean be extremely difficult to distinguish from one another purely 
on the basis of a description of the symptom itself. Electrocardiograms were 
performed on more than half of this series of patients and, of 108 tracings, 
abnormal changes were detected in 22.. In 11 of the patients a diagnosis of 
angina pectoris was strongly suspected from the history. 


Once again it should be mefttioned that this group of eases ineludes only 
those patients upon whom surgery was performed; in many other patients, 
although the same problems arose, surgery was not performed because of a 
suspected predominantly cardiac origin of the symptoms. We believe that the 
decision involved in eases of concomitant angina pectoris and esophageal hiatus 
hernia is basically similar to the decision involved in cases of angina pectoris 
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coexistent with disease of the biliary tract: if there are clear indications for 
surgery, it should be performed, with the recognition that the organic heart dis- 
ease offers some element of increased risk. We have the distinct clinical im- 
pression that in this group of patients in whom one anticipates difficulty, one 
almost never actually encounters difficulty, presumbably because of the many 
added precautions that are taken. There was no mortality among the 11 pa- 
tients. One has been lost to follow-u:p and the only failure occurred in a patient 
who was proved to have symptoms from only angina pectoris by complete failure 
of a technically satisfactory operation. 


Rarely a patient who has a hiatus hernia may have episodes of sudden severe 
deep chest pains that resemble those in myocardial infaretion. The mechanism 
is obscure, but the diagnosis usually becomes apparent when the expected electro- 
cardiographiec changes do not materialize. 


TYPES OF OPERATION 


The operations performed on these 200 patients are summarized in Table V. 
One hundred and sixty-three patients underwent a conventional repair, the 
technical points of which have been discussed. The additional procedures also 
are enumerated; some were performed consecutively through separate incisions 
during the one period of anesthesia. Two patients who each had an extremely 
large esophageal hiatus and rather attenuated muscle and fascia in the dia- 
phragm had the hiatal repairs reinforced with stainless steel mesh; it was com- 
pletely satisfactory. 


TABLE V. SURGICAL TREATMENT IN SERIES OF 200 PATIENTS WITH ESOPHAGEAL HIATUS 
HERNIA ' 








PROCEDURE NUMBER OF PATIENTS 


Routine (163) 
Reinforcement with wire mesh 
Repair, epigastric hernia 
Inversion, esophageal diverticulum 
Excision, leiomyoma of esophagus 
Excision, gastric diverticulum 
Transcolonic polypectomy 
Cholecystectomy 
Repair, incisional hernia 
Splenectomy 
Routine and myotomy (17) 
Left lower lobectomy (for bronchiectasis) 
Excision, juxtaesophageal ulcer 
Transplantation (20)* 
Myotomy 
Heineke-Mikulicz operation 
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*Gastric ulcer present in 6 patients. 


In 17 patients who had an otherwise conventional repair and in 7 of the 
short-esophagus group who required transplantation, a myotomy was performed 
in the terminal esophagus. The indications for this procedure basically are 
that: (1) the patient has had considerable difficulty with dysphagia, and (2) 
at the time of operation the musculature of the terminal esophagus seems to be 
hypertrophic. This is a rather common operative finding, as is brought out 
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by the frequency with which myotomy was performed. We consider it extremely 
important to ascertain by history whether or not the patient’s dysphagia is inter- 
mittent or constant. Intermittent dysphagia proves that there is no organic nar- 
rowing of the terminal esophagus, and under these circumstances myotomy prob- 
ably is superfluous. Also, we have often found it advantageous to assess digitally 
the lumen of the distal esophagus by making a small gastrotomy incision im- 
mediately adjacent to the cardia in the thoracic stomach. This is useful not 
only as a diagnostic maneuver but the finger is a sensitive and effective dilating 
instrument. 

A word of caution should be said regarding myotomy in the presence of 
significant esophagitis. A myotomy may be exceedingly difficult to perform, as 
well as ineffectual, if there are inflammatory changes the full thickness of the 
esophageal wall. Under these cireumstances the normal submucosal plane usually 
is obliterated and the lumen is easily entered unexpectedly. Furthermore, the 
muscularis may not gape upon reaching the submucosal plane, as with un- 
inflamed tissue. We have found that making the myotomy incision down onto 
a finger (inserted through a gastrotomy) gives maximal control of the situation. 

In 20 patients, or 10 per cent of the entire series, it proved necessary to 
transplant the esophageal hiatus in order to reduce the hernia. Although one 
can suspect preoperatively that this may prove necessary, a short esophagus can- 
not be diagnosed radiographically, and the true length and stretchability of the 
esophagus can be finally assessed only at the time of operation. In general, these 
are the most severely symptomatic patients with hiatus hernia, and have the 
greatest number of associated complicating factors; 6 of them had gastric ulcers 
in the thoracic stomach. It frequently is difficult to be sure whether such ulcers 
are in the esophagus or in the stomach, inasmuch as the stomach may be con- 
tracted and scarred and resemble the esophagus. Nevertheless, to date we have 
been unable to demonstrate other than gastric mucosa caudad to these ulcers, 
and believe that the esophagogastrie junction always is above or at the level 
of the ulceration. 


RESULTS OF SURGERY 


The over-all results in the 180 patients who underwent surgical repair and 
were available for follow-up are summarized in Table VI; there were 161 con- 
ventional reparative operations, 19 transplantations. Results are classified as 
excellent, good, fair, failure. “Excellent” patients have total loss of gastric 
symptoms. <A good result includes a subjectively pleased patient with only 
minor complaints. A fair result was reported in those individuals who believed 
the operation was worthwhile but who had significant residual problems, either 
gastric or incisional. The failures include all patients who were unimproved, 
became worse, or stated that they wished they had not had the operation per- 
formed, and the one operative death. Twenty patients have been lost to follow- 
up; they have not been seen or heard from more recently than 6 months after 
surgery. Table VII compares results as evaluated from the answers on the 
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questionnaires, as against personal follow-up records for 55 patients who were 
seen more than 6 months after surgery, but who did not respond to the written 
follow-up program. The questionnaire results are more favorable than are the 
personal evaluations in the latter group of patients. This may be due to any of 
several factors, such as a more critical evaluation by the follow-up physicians 
than by the patients themselves, a tendency for the discontented patient to 
return with his problems, or, conversely, the feeling of the satisfied patient that 
there is no need to return. 


TABLE VI. RESULTS IN 180 PATIENTS TREATED SURGICALLY FOR ESOPHAGEAL HIATUS 
HERNIA—FOLLOWED FOR FROM 6 MONTHS TO 6% YEARS 








PERCENTAGE OF 180 
a PATIENTS 

RESULTS NUMBER OF PATIENTS (%) 

Excellent 97 53.9 

Good 52 28.9 

Fair 15 8.3 

Failure 16 8.9 

Totals 180 100.0 











TABLE VII. FoLLow-Up IN 180* PATIENTS TREATED SURGICALLY FOR ESOPHAGEAL HIATUS 
HERNIA: COMPARISON OF RESULTS REPORTED ON QUESTIONNAIRES AND 
FOUND ON EXAMINATION 








SOURCE OF | NUMBER OF PATIENTS PERCENTAGE OF PATIENTSt (%) 
INFORMATION | TOTAL |EXCELLENT| GOOD | FAIR | FAILURE |EXCELLENT| GOOD | FAIR | FAILURE 


Questionnaire 125 77 33 7 8 61.6 26.4 5.6 6.4 
Examination 55 20 19 8 8 ' 36.4 34.6 14.5 14.5 














*Twenty patients lost to follow-up. 
*Questionnaire, based on total of 125 patients; examination, based on total of 55 patients. 


In the group of 161 patients who underwent routine repair procedures, there 
were 13 results classified as failures (Table VIII). This group is discussed 
in more detail subsequently; another 13 patients were considered to have only 
fair results. These “fair” patients in most instances obtained satisfactory re- 
sults as to their gastrointestinal symptoms, but were troubled with incisional 


problems. 


TABLE VIII. RESULTS IN 180* PATIENTS OF TREATMENT FOR ESOPHAGEAL HIATUS HERNIA BY 
SURGICAL PROCEDURES—ROUTINE, MYOTOMY, OR TRANSPLANTATION 








ROUTINE, OR ROUTINE 
AND MYOTOMYTt TRANSPLANTATION f 
PATIENTS EXCELLENT | GOOD | FAIR | FAILURE | EXCELLENT | GOOD | FAIR | FAILURE 

Number 89 46 13 13 8 6 2 3 

Percentage (%) 55.2 28.6 8.1 8.1 42.1 31.6 105 15.8 

— a } _ ~- P| 
100 100 

*Twenty patients lost to follow-up. 

+Based on 161 patients. 

tBased on 19 patients. 























The results in patients with short esophagus that requires transplantation 
are gratifying, particularly in view of the fact that this is a highly symptomatic 
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group of patients with many complications (Table VIII). Of 19 patients who 
were followed, only 3 considered their operations to have been failures. This 
seems to be a reasonable rate of failure for a conservative operation in a group 
of patients who have complicated conditions; moreover, further evaluation of 
these three failures is enlightening. One patient was addicted to Demerol and 
had other major psychiatric problems. Although the operation was definitely in- 
dicated, it is not surprising that she has obtained poor subjective results. The 
second patient states that he now swallows well and has dysphagia only on rare 
oceasions; however, he maintains that his health is declining and that he is 
dissatisfied with the result. We have not evaluated this patient personally. The 
third patient has persistent, rather severe dysphagia and vomiting and un- 
doubtedly represents a true failure. 

Table IX summarizes the causes for operative failure in the 16 patients so 
classified. The major preventable cause of failure is poor selection of operative 
candidates. It is easy in retrospect to decide that a given patient should not 
have been operated upon. Esophageal hiatus hernias are such common findings 
in the course of a thorough evaluation of gastrointestinal symptoms that one 
may easily be misled into operating for what is basically a functional problem. 
It was appreciated that prior to surgery these patients had complicated organic 
and functional problems, and they were accepted for surgery only after they 
failed to respond to more conservative measures, and in several instances after 
psychiatric consultation. 


TABLE IX. REASONS FOR 16 FAILURES AMONG 200 PATIENTS TREATED SURGICALLY FOR 
ESOPHAGEAL HIATUS HERNIA 








REASON FOR FAILURE NUMBER OF PATIENTS 





Poor candidate for surgery 
Persistent symptoms (heartburn, 
angina, bleeding, and dysphagia) 
Neuralgia, anxiety tension state 
Recurrent hernia (asymptomatic) 
Gastric ulcer 
Patient dissatisfied, health declining 
Postoperative death (eighth 
postoperative day) : 
Total 16 





The second group of 5 patients have persistence of their original symptom 
patterns, but no residual or recurrent hernias radiographically demonstrable. 
The patient who has persistent angina pectoris obviously had an incorrect inter- 
pretation of his symptom pattern prior to surgery. The patient who has per- 
sistent bleeding has had a subsequent laparotomy and resection of the colon 
for diverticulosis, but intermittent bleeding episodes of unknown source persist. 
Intereostal neuralgia after thoracotomy in 2 patients who had underlying 
anxiety tension states was sufficient to classify them as failures. One patient 
has definite radiographic evidence of recurrence, but is asymptomatic. One 
patient subsequently bled from a gastric ulcer and required gastric resection. 
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In this group of 200 patients there was only one operative death. This 

oceurred on the eighth postoperative day and presumably was due to an acute 

myocardial infarction. Postmortem findings were equivocal. One patient in 

the transplantation group has already been mentioned as dissatisfied, and states 
that his health is declining, although he now swallows normally. 


DISCUSSION 


We have presented our technique for transthoracic repair -of esophageal 
hiatal hernia and have tabulated-the surgical indications and results in 200 
patients. We also have attempted to weigh the importance of various factors 
in selecting patients for surgical correction. The results indicate that this 
surgery can be performed with low operative mortality, and a low incidence 
of recurrent hernia. In short, the operation is safe and mechanically effective, 
and should be done on the properly selected patient. 

Patients with esophageal hiatus hernia symptomwise cover a_ broad 
spectrum. One end of this spectrum. contains the asymptomatic patients, and 
is heavily populated. The other end contains the patients with severely sympto- 
matic or the highly complicated hernias which have been discussed. Un- 
doubtedly those patients in the severely symptomatic group, in the course of 
their disease, have traversed the entire length of the spectrum. However, it is 
only the exceptional patient whose hiatus hernia follows this progressive course. 
Thus, there is little justification in operating upon the asymptomatic patient. 
Furthermore, if symptoms should develop in such a patient they are almost 
invariably at first mild and it is safe to await the development of significant 
difficulties prior to electing surgery. 

In between these two extremes lies a large group of symptomatic but un- 
complicated cases. If these patients have increasingly severe symptoms, they 
should undergo surgery to relieve their symptoms and to avoid future com- 
plications. By far the largest group of symptomatic patients, however, has had 
relatively stable symptoms over a considerable period of time, and it is in this 
group that the greatest care in selecting surgical candidates must be exercised. 
One should be extremely careful of operating on patients who have other than 
the typical peptic type of symptom pattern. Careful roentgen study of 
patients who have functional gastrointestinal disease not infrequently will dis- 
close an associated hiatus hernia; and, in retrospect, these patients constitute 
the largest group of dissatisfied patients. Operation in the “typical” patient 
must be considered elective. We feel it important to discuss the problem 
frankly with the patient and let him elect the operation rather than to “pres- 
sure” him into surgery. In the last analysis it is only the patient, himself, who 
knows how severe his symptoms are. One is thus able to exclude many patients 
who have symptoms that are subjectively only of “nuisance” value. 

It is beyond the scope of this paper to discuss the physiology of symptoms 
in hiatus hernia. There are a number of factors concerned, important among 
which is the degree of gastric acidity. Others are volume of gastric secretion, 
pain threshold, tissue resistance, and consumption of gastric secretagogues. 
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It is difficult to distinguish physiologically between symptomatic and 
asymptomatic hiatus hernias. Probably few asymptomatic patients have hyper- 
secretion of gastric acid; conversely, it is distinctly unusual for the patient 
whose severely symptomatic hernia is successfully repaired to experience 
further difficulty from gastric hyperacidity (i.e., duodenal ulcer). Neverthe- 
less, it probably is fair to state that a roughly linear relationship exists between 
gastric acidity and severity of symptoms and incidence of complications. This 
is the rationale for treating hiatus hernia by gastric resection, vagotomy, and/or 
gastric drainage procedures. However, we believe that the results summarized 
here indicate that the degree of acidity may be largely ignored and that an 
“anatomic” operation is usually preferable to a “physiologic” one. 

Mention should be made of the fact that the physical size of the esophageal 
hiatus hernia has little or no bearing upon the severity of symptomatology and, 
hence, upon the selection of patients for surgery. It is only the very large 
hernia that can develop volvulus and mechanical obstruction but as far as the 
peptic symptoms are concerned, the presence of a hiatus hernia of any size 
creates the proper anatomic conditions for regurgitation of acid gastric juice. 
Several of the excellent results in this series occurred among patients whose 
roentgenograms showed no definite evidence of an esophageal hiatus hernia, and 
in whom, at the time of surgery, one could argue as to whether or not there was 
a true hernia or merely a relaxation of the esophageal hiatus and phreno- 
esophageal ligaments. However, in these patients mild traction on the esophagus 
will definitely pull the esophagogastrie junction above the level of the esophageal 
hiatus. 

We have used a myotomy in the terminal esophagus quite frequently and 
believe this to be a useful adjunct in those patients with dysphagia. It does, 
however, have definite limitations, particulariy in the presence of significant 
inflammatory changes in the esophageal wall, and it is not likely to be of much 
benefit in a truly fibrotic stricture, the significant portion of which is apt to 
be mucosal or submucosal in location. 

In those complicated cases with true organic shortening of the esophagus, 
if at all possible, we have tried to avoid esophagogastrie resection. Admittedly, 
the deformed and scarred cardia has lost the ability to function physiologically; 
however, we believe that the results in 20 patients who were treated by con- 
servative transplantation operations with or without myotomy and subsequent 
dilation endorses this approach to the problem. 


SUMMARY AND CONCLUSIONS 


Surgical experience and follow-up of 200 consecutive operative cases of 
esophageal hiatus hernia are reviewed. The operation as described has given 
highly satisfactory results in regard to postoperative recurrence and operative 
mortality. Operation is mandatory in a small proportion of patients who have 
complications, including bleeding, peptic ulceration, stricture of the terminal 
esophagus, mechanical obstruction. In the large majority of patients, the 
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operation is elective. These patients will obtain excellent operative results if 
they are carefully selected for surgery. In retrospect, the largest number of 
preventable operative failures has been classified as being due to a poor choice 
of operative candidates, including chiefly emotionally unstable patients and 
those whose gastrointestinal problems are largely functional. 
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SINGLE DOSAGE X-RAY RADIATION TO THE LUNG AND 
POSTERIOR MEDIASTINUM THROUGH THE OPEN CHEST 


II. Results in Animals Receiving a Dose of 5,000 r 


John J. Fomon, M.D., Frank T. Kurzweg, M.D., and 
Harold Davis, M.D., Miami, Fla. 


Cc. Henschke, and Selby” and others have had experience with inter- 
stitial implantation of neoplasms at the time of thoracotomy. Chesney and 
Daughtry’ have radiated the lung through the open chest at the time of ex- 
ploration for bronchogenic carcinoma. Because of the limited experience with 
the latter method, a laboratory study was undertaken. The results in animals 
receiving doses between 6,000 r and 15,000 r have been published. A second 
series of dogs receiving doses of 5,000 r has now been observed. 


MATERIALS AND METHODS 


The method of study was essentially as previously deseribed,* and is sum- 
marized in Fig. 1. The dogs were divided into three groups. Groups I and 
III received the radiation directly to the expanded right lung but the radiated 
area was much larger in Group III. Those animals in Group II received the 
radiation to the posterior mediastinum with protection of the parenchyma of 
the right lung. The field in this group closely approximated that of Group I. 


RESULTS 


The autopsy findings and survival times on the dogs are summarized in 
Table I. Almost all of the animals died as a direct result of the radiation ad- 
ministered. When there was necrosis of the trachea, the process often involved 
the lung with erosion of one of the pulmonary vessels. In these instances, the 
animals sustained a fatal hemoptysis. Usually when the esophagus was per- 
forated there was not a free communication into the pleural space but pene- 
tration into the posterior mediastinum. Fig. 2 demonstrates the esophagus in 
a dog that developed a tracheoesephageal fistula. Fig. 3 shows the trachea in 
another dog that died as a result of a tracheoesophageal fistula. Dog X-35 bled 
to death as a result of an aortic-esophageal fistula and also had an area of 
necrosis in the trachea (Fig. 4). 
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Fig. 1.—The various x-ray factors are shown diagrammatically. Those dogs in Group 
I received radiation directly to the expanded lung through a_ portal of 25.2 sq. cm. The 
surrounding tissue was protected, as shown in the inserts, by at least 2 mm. of lead. The 
dogs in Group III, were similarly treated but the portal was 102.1 sq. cm. In Group II a 
rectangular portal of 26.2 sq. cm. allowed radiation of the posterior mediastinum but pro- 
tected the lung. All operations were performed under general anesthesia using’ sterile tech- 
nique. 


Ac te ol 


ee eae ee 


Fig. 2.—This dog of Group I lived 232 days following radiation. He appeared to be in 
good health, without weight loss or change in blood count until 48 hours before death. The 
photograph shows the esophageal side of a tracheoesophageal fistula. There was considerable 
fibrosis of the radiated lung and posterior mediastinum in addition to the acute pneumonia. 
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Fig. 3.—The trachea from another dog from Group I that developed a tracheoesophageal 
fistula is shown. The tracheas of the animals that developed necrosis of the trachea without 
fistula presented appearances similar to this. 


Fig. 4.—This dog from Group II bled to death as the result of an aortic-esophageal fistula. 
There was also an area of necrosis of the trachea. 


~ 
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The animals did not show a constant change in hemoglobin determinations 
or in white blood cell counts. The operations were well tolerated and almost 
all animals exhibited no difficulty until 24 to 48 hours before death. 

The survival times of the dogs in the three groups were plotted (Fig. 5). 
Significant statistical difference existed only between Groups I and III.* It 
was therefore postulated that the area radiated in relation to the size of the 
animal was a determining factor in survival time. Using the formula developed 
by Meek and Rubner,® the surface areas of the dogs were compared to the 
survival times but no relationship could be demonstrated. 
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Fig. 5.—The number of dogs in each group are plotted against the survival times. Each 
square represents one dog. Statistically a significant difference (P 0.01) in survival times 
existed only between Groups I and III ” 


DISCUSSION 


Chesney hoped that the administration of single dose x-ray radiation 
through the open chest to the lung of patients with bronchogenic carcinoma 
would materially decrease the morbidity associated with palliative radiation 
given by conventional methods. The morbidity was apparently much reduced 
since, as has been stated, the animals did well until shortly before death. Un- 
deniably this method of radiation would be useful if it allowed a larger or 
more effective tumor dose than ean be delivered by radiation through the chest 
wall. It was obvious that 5,000 r was a much larger than cancerocidal dose 
and resulted in almost 100 per cent mortality. It was also obvious that 5,000 r 


*The Wilcoxon-White Two-sample Rank Test was used to test the significance of the 
difference between the medians of the groups. 





Vol. 38, No. 4 SINGLE DOSE X-RAY RADIATION 
October, 1959 


TABLE I 








SURVIVAL IN 
DOG WEIGHT (KG.) DAYS AUTOPSY FINDINGS 





Group I 

X-27 26.3 232 T*-E* fistula 

X-28 30.8 282 Necrosis of T 

X-29 27.4 179 Mediastinal fibrosis 
Pneumonitis 

X-30 14.0 156 Periesophagitis 
Pneumonitis 

X-31 13.6 87 T-E fistula 

X-32 14.0 Necrosis E-L* 

X-54 13.6 Necrosis T-E 

X-55 15.9 Necrosis T-E 
Bilateral pneumonitis 

X-56 15.9 Perforation of E 

X-57 15.3 Uleer-E 
Fibrosis of L 

Group II 

X-34 i T-E fistula 

X-35 A 2 Necrosis T-E 
T-A* fistula 

X-36 9.é Empyema 

X-37 Perforation of E 
Necrosis T 

X-50 8.9 5é Uleer of E 

X-51 5.§ i Uleer of T-E 
A-E fistula 

X-52 3. 2 T-E fistula 

X-53 5. 2 Perforation of E 
Empyema 

X-49 == 


Group III 

X-39 5.$ : Perforation of E 
Necrosis of T 

X-41 y Necrosis of T 
Mediastinal fibrosis 
Necrosis of L 

X-42 Mediastinal fibrosis 
Lung necrosis 

X-43 R Empyema 
Fibrosis of L 

X-45 Wound infection 

X-46 78 Tracheitis 
Pneumonitis 

X-47 9.0 146 Bronchopleural fistula 
Necrosis of L 
Esophagitis 

X-48 29.5 46 Pneumonitis 


*T = trachea; E = esophagus; L = lung; A = aorta. 





administered as a single dose could not be compared to 5,000 r given in small 
increments over a period of weeks. Although the animals died as the result 
of the radiation, the autopsy findings were considerably different from those 
in the series receiving the higher ¢oses.* 

The factor or factors that accounted for the significantly longer survival 
time in the animals in Group I, as compared with Group III where the field 
was over four times larger, remained obscure. It was speculated that the surface 
area radiated in relation to the surface area of the dog accounted for this. 
Critical analysis of the data, however, did not confirm this theory. 
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Additional work must be done to determine the maximum safe dose of 

radiation that ean be delivered by this method. Assuming that this dose is 

eancerocidal, it will have to be determined how much physiologic change occurs 

as a result of the radiation. Thus, considerable decrease in pulmonary fune- 
tion or late pulmonary hypertension might make the procedure useless. 


SUMMARY 


1. Thoracotomies were done on dogs. Group I received 5,000 r through a 
portal of 25.2 sq. em. directly to the lung. Group III were treated similarly 
but the field was 102.1 sq. em. Group II received the radiation to the posterior 
mediastinum only, with the lung protected. 

2. Almost all animals died as a direct result of the radiation administered. 
Group I dogs survived significantly longer than Group III. No relationship 
between surface area of the dog and area radiated could be demonstrated. 

3. Additional work must be done to establish the safe maximum dose of 
x-ray that can be tolerated by this method. 


The assistance of Dr. John B. Miale and Miss Iris Kiem is gratefully acknowledged. 
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Announcements 


THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 


Notice of Annual Meeting 


The Fortieth Annual Meeting of The American Association for Thoracic 
Surgery will be held May 11, 12, and 13, 1960, in Miami Beach, Florida. Head- 
quarters will be the Deauville Hotel. 


Requests for Hotel Reservations 


These should be mailed directly to Mrs. Mildred Sander, Reservation Man- 
ager, Deauville Hotel, Miami Beach, Florida. Please mention this Association, 
the type of accommodation desired, the date, and approximate hour of arrival 
and departure. If accommodations are desired elsewhere please communicate 
directly with the hotel of your choice. 


Material for the Program 


Screntiric Papers.—Abstracts of all papers proposed for presentation at 
the 1960 meeting must be received on or before November 15, 1959, other- 
wise they will not be considered by the Program Committee. These should be 
labeled ‘‘For Thoracic Surgery Forum”’ or ‘‘For Regular Program’’ depending 
upon the nature of the subject matter, in the same manner as in previous years. 
They should contain from 200 to 250 words that accurately reflect the content 
of the completed paper. 


Six, repeat, siz clearly legible copies of each abstract must be sent to Miss 
Ada Hanvey, Administrative Assistant, The American Association for Thoracic 
Surgery, 308 Carondelet Building,-7730 Carondelet Avenue, St. Louis 5, Mis- 
souri. . 

Essayists selected for the program are reminded that papers presented at 
the meeting must be handed to the secretary immediately after their presenta- 
tion. If they are not ready at that time there is a chance that they will not be 
published in THE JOURNAL OF THORACIC AND CARDIOVASCULAR SURGERY. 
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Applications for Membership 


Applications for Associate Membership in the Association must be received 
by the Membership Committee not later than November 15, 1959, otherwise the 
application will be deferred for consideration until the 1961 meeting. 

Applicants must be sponsored by three Active or Senior Members of the 
Association. In addition to the signature on the application form, the sponsors 
will forward a separate letter concerning the applicant directly to: 


Frank Gerbode, M.D. 
Chairman of the Membership Committee 
Stanford University Hospital 
San Francisco 15, California 
Sponsors are reminded that new letters of recommendation must be for- 
warded to the Chairman of the Membership Committee should their applicants 
be held over for reconsideration a second year. 





